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TESTS  OF  JET  ENGINES. 

V.  H.  Dorofeyev,  V.  Ya.  Levin. 

Page  1. 

Authorized 

by  Ministry  of  Higher  and  secondary  special  education  of  the  CBSFSR 
as  textbook  for  Aviation  VUZ  ^Institute  of  Higher  Education] 

and  departments. 

f 

i 

Page  2. 

f 

In  the  book  are  exanined  the  different  types  of  the  tests  of  jet 
engines.  It  is  described  technician  and  the  aethods  of  processing 
■easureaents,  Measuring  instrunents  and  devices*  the  eguipnent  of 

| 

laboratories  and  experinental  stations. 
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The  book  is  textbook  on  analogous/siailar  with  its  nine  course 
and  is  intended  far  the  students  of  aviation  VTUZ  QHigher 

technical  educational  institution];  at  the  saae  tiae  it  will  be 
useful  for  the  engineers  of  industry. 

Page  3. 

PREFACE. 


In  the  different  countries  with  to  the  creation  of  jet  engines 
(VRD  Cjet  engine])  they  will  approach  into  niddle  of  the 

thirtieth  years.  Very  considerable  attention  to  these  engines 
allotted  in  the  period  of  the  Second  World  war,  which  will  ensure  to 
its  end  the  issue  of  the  first  series  jets.  Wide  series  production 
VRD  and  their  operation  will  be  begun  virtually  after  conpletion  of 
war,  aoreover  widest  use  will  receive  at  present  turbojet  and 
turboprop  engines. 

The  creation  of  new  engines  will  require  the 
perfection/iaproveaent  of  the  aethods  of  their  tests.  In  the  first 
years  of  the  developaent  of  jet/reactive  aviation  of  the  technician 
of  tests  VRD,  it  stands  at  low  level  - testing  units  and  aetering 


•■uass*^ 
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equipment  are  very  inadequate.  Afterward  1945  in  a number  of  the 
countries  were  created  the  special  experiaental  stations  and  the 
laboratories,  equipped  with  the  aodern  aetering  equipaent  and  the 
necessary  equipaent. 

Procedure  the  technician  of  engine  tests,  being  developed  on  the 
base  of  the  achievements  of  aviation  equipaent,  it  will  be  added  at 
present  into  independent  engineering  discipline. 

Onf ortunately , text  literature  for  VTQZ  on  this  discipline  until 
this  tiae  barely  is  published.  The  proposed  book  is  the  first  attempt 
in  this  region.  The  authors  strive  in  the  saall  by  volume  book  to 
sufficient  widely  introduce  the  reader  to  theory  and  tests  technique 
VBD;  therefore  aany  questions  were  presented  with  possible  brevity. 

For  the  first  tiae  in  acadeaic  literature  on  testing  of  aircraft 
engines,  are  reflected  experiaental  and  flight  tests.  Primary 
attention  in  the  book  is  devoted  to  the  methods  of  the  tests  of  the 
aost  widely  used  types  VBD  - turbojet  and  turboprop  engines. 

Observations  of  work  of  those  beginning  engineer-tester  will 
lead  the  authors  to  the  conclusion/derivation  that  with  the 
presentation  of  the  questions  of  aeasurenents  (taking  into  account 
the  limitedness  of  the  voluae  of  textbook)  it  is  better  to  illuainate 
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the  operating  principles  and  devices  of  instruments,  than  the 
procedure  of  their  application/use. 

In  the  book  barely  examined  the  questions  of  the  calculation  of 
testing  units  and  their  cell/eleaents. 

Page  4. 

To  the  readers,  who  specialize  in  the  region  of  the  tests  of  aircraft 
engines,  necessary  to  turn  to  additional  sources  (see  bibliography  at 
the  end  of  book). 

On  request  and  edited  by  the  authors  chapter  VI  will  write  eng. 
S.  M.  Eremin,  but  chapter  VII  eng.  V.  S.  Kondrusev. 

The  authors  are  grateful  to  docents  G.  n.  Gorbunov,  to  L.  B. 
Yevangulov,  Yu.  K.  Zastel,  Cand.  of  tech,  sciences  A.  A.  Lakshtovskiy 
and  eng.  Z.  L.  Kropp  for  a series  of  valuable  observations  and 
conncils,  made  about  the  prospectus  of  the  manuscript  and  during  its 
review.  The  authors  are  grateful  also  to  eng.  V.  H.  Pikulyu  and 
colleagues  of  the  department  of  TAD  Kuibyshevskiy  of  aviation 
institute  for  shaping  of  the  manuscript.  Extensive  work  on  the 
editinq  of  the  manuscript  was  conducted  by  L.  S.  Skubachevskiy , to 

whom  the  authors  express  special  appreciation. 

ill  obtervatioea  ami  wishes  about  com teat  aad  shaping  of  the 

hook  it  is  ro«aosto4  to  iiroet  tox  ■ os  cos,  1-51,  Petrovka,  24, 
Ohoroagla. 
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Chapter  I. 


TYPES  OP  THE  TESTS  OP  AIR-JET  ENGINES. 


Engine  tests,  conducted  at  plants,  in  experiaental  design 
bureaus  and  scientific  research  institutes,  it  is  possible  to 
classify  depending  on  the  place  of  their  execution  and  the  expressed 
goal. 

On  the  place  of  test  work,  are  divided  into  the  grouid- based  and 
flight. 


V 


Ground  tests  they  are  called  all  the  tests,  conducted  on  the 
earth/ground,  including  at  the  settings  up,  which  iaitate 
high-altitude  and  high-speed/velocity  flight  conditions. 

Plight  tests  they  are  called  engine  test  in  flight  oa  special 
aircraft  - flying  laboratories,  and  also  on  experiaental  ir 
production  aircraft  and  on  unnanned  vehicles. 
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Depending  on  the  purpose  of  the  test*  are  divided  into  the 
scientific  research,  experimental  and  series  (see  schematic)  . 

Let  us  exanine  the  special  feature/peculiarities  of  each  type  of 
tests. 

1.  Scientific  research  tests. 

m 

Ml 

The  purposes  of  the  scientific  research  tests  can  be  different* 
but  their  prinary  task  is  study  and  analysis  the  occurring  in  engine 
or  its  aggregate/units  of  the  phenoaena  and  processes.  Scientific 
research  tests  usually  are  carried  out  for  research  on  theraodynaaic 
and  gas-dynaaic  processes  in  engine*  work  of  separate  units* 
fuel/propellant  and  processes  of  its  burninq*  analysis  of  the 
characteristics  of  engine*  strength  of  its  parts*  etc. 

During  the  development  of  f undaaenta lly  new  constructions* 
perforaing  scientific  research  work  is  complicated  by  the 
insufficient  knowledge  of  soae  occurring  in  engines  physical 
phenoaena  and  often  by  the  absence  of  the  necessary  metering 
equipment. 
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Theraodynaaic  and  gas-dynaaic  research  of  input  devices* 
coapre ssors*  coabustion  chambers,  turbines  and  engine  nozzles  as 
taking  their  characteristics*  can  be  conducted  under  actual 
conditions  in  special  laboratories  with  the  coaplex  and  bulky 
equipaent,  which  requires  considerable  energy  powers. 


DOC  = 77233201  PAGE  44- 


Page  6. 


Classification  of  tests. 

Key:  (,1).  Tests  VBD.  (2).  Scientific  research.  (3).  Experimental. 

(tt).  series.  (5).  Finishing.  (6).  Laboratory.  (7).  Flight.  (8). 

State.  (9).  Technological  prolonged.  (10).  Delivery.  (11).  Controls. 
(12).  Prolonged.  (13).  Flight  on  production  aircraft.  (1%).  Units  and 
aggregate/units.  (15).  Engine.  (16).  On  flying  laboratories.  (17).  On 
experimental  aircraft.  (18).  For  the  guaranteed  service  life.  (19). 


For  monthly  program.  (20).  Before  the  complete  destruction  of  engine. 
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Theory  of  similitude  makes  it  possible  to  conduct  the  approximate 
tests  of  engine  components  on  their  models.  For  model  test,  are 
required  the  settings  up  of  considerably  smaller  powers,  which  gives 
essential  economic  advantages. 

The  strength  of  engines,  their  units  and  parts  usually  he  is 
studied  in  special  laboratories. 

The  results  of  scientific  research  tests  make  it  possible  to 
understand  the  character  in  engine  of  operating  conditions  taking 
place,  to  establish/install  the  reasons  for  the  appearing  in  it 
phenomena,  to  refine  and  to  supplement  the  existing  theoretical 
positions  and  the  calculation  methods.  Sometimes  the  sums  of  tests 
can  serve  as  basis  for  the  creation  of  the  new  methods  of  calculation 
and  theoretical  generalizations. 

Scientific  research  tests  are  carried  out  usually  in  scientific 
research  institutions,  schools  of  higher  education  and  sometimes  in 
experimental  design  bureaus. 


2.  Experimental  tests 
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The  basic  goal  of  experiaental  tests  is  the  adjustaeat  of 
operating  conditions  and  constructions  of  engine.  Experiaental  tests 
utilile  results  of  scientific  research  tests.  The  absence  of  precise 
theory  of  soae  phenomena,  which  occur  in  engiae#  does  aot  halt  the 
experiaental  work*  although  slows  down  their  course.  The  experiaental 
tests  of  engine  consist  of  finishing,  laboratory,  flight,  state  and 
technological  endurance  tests.  Finishing  tests  are  conducted 
according  to  two  directions:  in  plant  laboratories  are  developed  the 
aggregate/units  and  the  separate  units  of  engine,  at  experiaental 
experiaental  stations  - full-scale  engines.  Such  tests  aost 
frequently  are  carried  out  under  conditions  of  the  environ aent. 

In  the  task  of  finishing  tests,  enter; 

1)  the  adjustment  of  operating  conditions  of  engine; 

2)  the  adjustaent  of  the  construction  of  separate  units  and 
aggregate/ units; 

3)  testing  the  correctness  of  the  selection  of  aaterials  and 
technology  of  the  aanufacture  of  parts; 
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4)  the  determination  of  the  engine  life  and  the  research  of 
■easures  for  his  increase; 

5)  the  finishing  of  the  paraneters  of  engine  in  different 
node/conditions  up  to  the  values,  indicated  in  the  require nents  for 
client. 


Independent  of  finishing  tests  of  engines,  conducted  on 
experinental  plants,  are  conducted  their  laboratory  tests  in 
scientific  research  institutes  - the  high-altitude  laboratories, 
equipped  with  heat  and pressure  sinulation  chambers  and  the  wind 
tunnels,  which  nake  it  possible  to  create  on  the  earth/ground  the 
necessary  high-altitude  and  high-speed/velocity  flight  conditions  and 
to  renove/take  the  corresponding  to  these  conditions  engine 
char acter i st ics. 

Page  8. 

So net i me s in  such  laboratories  are  carried  out  special  tests 
according  to  the  prograns,  which  consider  specified  operating 
conditions  of  engine  (low  or  high  tenperature,  the  condition  of 
deserts,  rains  etc.). 


/P 
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After  the  successful  conducting  of  finishing  and  laboratory 
tests,  they  begin  the  experimental  flight  tests.  Experimental  flight 
tests,  as  a rule,  are  carried  out  first  on  special  aircraft  - flying 
laboratories.  Tests  on  flying  laboratories  are  carried  out  sometimes 
before  the  completion  of  the  finishing  of  engine.  Plight  safety  in 
this  case  is  guaranteed  by  the  presence  on  the  flying  laboratory  of 
series  power  plants  and  by  the  decrease  in  the  service  life  of  the 
tested  engine.  Flying  laboratories  they  usually  limit  possibility  of 
tests  of  engines  on  velocity  and  flight  altitude. 

After  the  careful  functional  check  of  engine  on  the  flying 
laboratory  of  testing,  they  are  continued  on  the  experimental 
aircraft,  designed  for  this  engine.  During  tests  is  determined  the 
reliability  of  the  operation  of  power  plant  as  a whole  and  conformity 
to  its  technical  specifications. 

It  is  natural  that  in  the  period  of  conducting  laboratory  and 
flight  tests  can  be  reveal/detected  the  new  engine  defects.  These 
defects  must  be  removed,  after  which  engines  again  undergo  the  tests. 

After  the  completion  of  the  finishing  tests  of  engine,  they 
present  to  state  tests.  Official  tests  are  carried  out  under 
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terrestrial  conditions  at  the  station  of  experimental  plant  for 
specific  routine.  The  node/conditions  of  tests,  their  duration  on 
tine  and  the  order  of  their  alternation  are  selected  so  that  the 
engine  operation  during  tests  would  possibly  nearer  correspond  to  the 
future  conditions  of  its  operation.  So,  for  exanple,  turbojet  and 
turboprop  engines  they  test  in  the  noninal,  forced  (takeoff  and 
conbat)  and  cruise  settings. 

Noninal  rating  corresponds  to  design  conditions  of  engine.  Under 
these  conditions  of  engine,  it  oust  reliably  work  the  significant 
part  of  its  service  life.  Tests  under  these  conditions  are  conducted 
by  periods  in  continuous  operation  of  engine  during  30  nin. 

The  forced  node/conditions  (takeoff  and  conbat)  are  reached  by 
an  increase  in  the  nunber  of  revolutions  of  shaft  of  turbine,  by  an 
increase  of  the  tenperature  of  gases  after  turbine  or  afterburner 
ignition.  Such  node/conditions  can  be  also  obtained  by  the  conbined 
neans  of  effect  on  operating  conditions  of  engine.  The  forced 
node/conditions  are  applied  incidentally  for  the  takeoff  of  the 
overloaded  aircraft  or  for  a short-tern  increase  in  the  flight  speed 
and  rate  of  clinb.  Engine  it  must  reliably  work  in  these 
node/conditions  during  5-10  nin  with  the  subsequent 
transfer/transition  to  nore  light  duty. 
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The  tiae  of  continuous  operation  of  engine  on  noaiaai  and  forced 
ratings  can  change  in  certain  range  depending  os  the 
designation/purpose  of  the  flight  vehicle  on  which  it  is  utilized 
engine. 

Cruise  setting  - this  is  the  aode/condit ions  at  which  the  nuaber 
of  revolutions  of  the  shaft  of  turbine  and  the  teaperature  of  gases 
after  it  are  lower  than  on  noainal.  For  TVD  ^turboprop 

engine]  cruise  setting  can  be  establish/installed  by  the  appropriate 
change  in  blade  angle  of  attack  of  propeller  with  the 
preset vatioa/retention/aaintaining  of  the  constant  engine  speed.  The 
duration  of  continuous  operation  under  these  conditions  is  not 
United. 

The  prograas  official  tests  of  just  one  type  different  engines 
can  differ  fron  each  other  under  the  conditions  and  in  duration  and 
are  deterained  by  the  ultiaate  purpose  of  engine.  The  conclusion  of 
state  board  about  successful  test  work  serves  as  base/root  for  the 
direction  of  engine  into  series  production. 

Vork  on  the  further  iaproveaent  of  engine  after  its  transfer  to 
series  production  does  not  cease.  Developaental  bureaus  (0KB 
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[Experimental  Design  Bureau]),  which  exist  with  the  leading  series 
plants,  atteapt  to  improve  performance  data  the  produced  by  plant 
engines  and  to  raise  their  resource/lifetine.  In  connection  with  this 
on  the  experinental  stations  of  series  plants,  periodically  are 
carried  out  the  endurance  tests  of  the  engines,  into  construction  or 
under  operating  conditions  of  which  are  introduced  any  changes.  These 
tests  they  are  called  technological  endurance  tests  and  they  are 
carried  out  according  to  the  specific  routine,  developed/p rocessed  by 
OKB.  Successful  test  work  gives  the  right  to  plant  to  introduce  the 
necessary  changes  and  to  begin  the  issue  of  new  aotor  line. 


3.  Production  type  tests. 


Production  type  tests  are  carried  out  on  the  experinental 
stations  of  aanuf actur ing  plants  under  conditions  of  the  environment. 
Are  distinguished  the  following  types  of  production  type  tests: 
delivery,  controls,  prolonged  and  flight. 

Acceptance  tests  passes  each  produced  by  plant  engine,  tests 
carry  out  for  quality  control  and  the  breakings  in  of  parts, 
correctness  of  assembly  and  adjustment  of  the  operation  under  the 
conditions  for  the  tar get/p urpcse  of  the  provision  for  conformity  of 
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its  basic  specifications  conditions. 

If  in  the  process  of  acceptance  tests  is  reveal/detec ted  the 
nonconformity  of  engine  data  that  which  was  assigned  or  the  defect 
which  can  lead  to  emergency*  then  tests  cease.  After  the  eliaination 
of  engine  defects*  again  undergo  acceptance  tests. 


Page  10. 

Each  engine  after  acceptance  tests  they  dismantle  for  the 
inspection  of  all  parts  and  their  flaw  detection  and  direct  then  to 
aonitoring  tests  for  the  functional  check  of  engine  on  all 
aode/conditions*  stipulated  under  technical  specifications.  Bith  the 
satisfactory  results  of  aonitoring  test  engine  it  is  accepted  as 
client  and  leaves  to  dispatch.  During  aonitoring  test  aust  not  be  of 
any  aalf unctions.  During  flaw  detection*  the  aonitoring  test  is 
nullified. 

Prolonged  production  type  tests  are  divided  into: 

1)  test  for  guaranteed  engine  life  to  the  first 
sort iag/partit ion; 

2)  engine  test  for  the  monthly  prograa  (duration  of  tests 


a 
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-50-100  of  hours); 

3)  of  testing  to  the  complete  destruction  of  engine. 

Prolonged  production  type  tests  are  carried  out  through  the 
standard  prograas  official  tests,  with  the  exception  of  taking  soae 
special  characteristics- 

The  periodicity  of  tests  depends  on  their  designation/purpose. 
Tests  for  guaranteed  by  plant  service  life  carry  out  one  t iae  into 
quarter,  and  for  aonthly  prograa  - one  tiae  in  aonth.  The  periods  of 
conducting  endurance  tests  can  be  changed  depending  on  the  prograa  of 
the  issue  of  engines. 

Furtheraore,  is  possible  the  coincidence  of  tests.  For  exaaple, 
when  is  carried  out  testing  for  guaranteed  by  plant  engine  life  to 
the  first  sorting/ partition,  this  testing  is  considered  also  testing 
of  engine  for  the  current  aonthly  prograa.  In  this  case  the  solution 
to  the  issue  of  the  engines  of  given  aonth  is  accepted  on  the  basis 
of  test  results  for  guaranteed  resource/1 ifetiae.  The  satisfactory 
result  of  series  endurance  test  gives  right  to  plant  to  the  further 
issue  of  engines  during  given  aonth. 


Bndurance  test  is  conducted  in  the  stages  the  interruption 
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between  which  is  peraitted  within  the  Units  of  the  tine*  necessary 
foe  production  of  routine  naintenance  work. 

Endurance  tests  are  considered  unsatisfactory,  if  for  the  tine 
of  tests  or  with  internal  inspection  after  tests  is  reveal /detected 
service  failure  of  the  parts,  breakage  or  daaage  of  which  will  entail 
the  energency  of  engine.  In  this  case  the  shipnent  of  engines  froa 
plant  ceases  up  to  obtaining  of  the  positive  results  of  the  repeated 
endurance  test  which  is  carried  out  after  the  eliaination  of  defects. 

Endurance  tests  of  production  engines  before  their  coaplete 
destruction  sake  it  possible:  to  test  reliability  and  to  deter aine 
the  service  life  of  the  parts  of  engine  and  its  aggregate/units;  to 
refine  repair  technology;  to  test  quality  and  noaenclatura  of 
repair-asseably  tools  and  appliances;  to  refine  tables  of  liaits  for 
the  aaziaua  wears  of  parts  and  clearances  in  articulation  for  repair 
engines;  to  refine  the  content  of  the  group  assembly  of  spares  for 
the  first,  the  second  and  all  subsequent  sorting/partitions. 

Page  11. 

Tests  to  coaplete  destruction  pass  all  newly  introduced  in  a 
series  or  the  undergone  substantial  changes  engines.  For  testing  is 
taken  the  engine,  passed  testing  for  guaranteed  by  plant  service 
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life.  Testing  carries  out  by  the  periods,  equal  to  the  service  life 
of  engine.  After  each  period  the  engine  passes  the  sorting /par tition 
during  which  is  carried  out  the  flaw  detection  of  parts.  The  worn 
parts  are  replaced  new  fros  the  group  assembly  of  spares.  The 
sorting/partition  of  engine  produces  on  repair  technology  with  the 
instrument,  produced  by  plant  specially  for  a repair.  Testing  is 
considered  finished,  if  for  the  operating  tiae  of  engine  goes  out  of 
order  a considerable  quantity  of  parts,  designation  and  nuaber  of 
which  is  specified  by  technical  specifications. 

Vital  iaportance  has  an  increase  in  the  service  life  of  the 
engine,  which  well  showed  itself  in  operation.  For  the  solution  to 
this  question,  is  take/selected  the  batch  of  the  engines,  which 
aastered  the  guaranteed  by  plant  service  life  under  operating 
conditions.  The  part  of  the  engines  froa  this  batch  heads  for 
aanufacturing  plant  for  inspection  and  the  flaw  detection  and 
additional  bench  tests. 

During  the  deter aiaation  of  the  duration  of  additional  bench 
tests,  they  are  accepted  into  consideration  results  of  inspection  and 
flaw  detection  of  the  disaantle/selected  engines  and  of  the  carried 
out  it  is  earlier  by  plant  tests  before  coaplete  destruction.  la  the 
case  of  obtaining  the  satisfactory  results  of  additional  tests,  is 
peraitted  conducting  the  flight  tests  of  the  reaaining  froa  batch 
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engines  on  aircraft  for  a period  of  tine,  which  corresponds  to 
supplementary  reso urce/lif etiwe. 

Successful  conducting  of  flight  tests  gives  the  right  to  plant 
to  increase  the  service  life  of  the  produced  engines.  Specific  tests 
they  are  sometimes  called  operational. 
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Chapter  II. 


elehents  of  hetrologt. 

The  developaeat  of  the  systea  of  aeasures,  aeasuring  aeters, 
aethods  of  aeasureaents  and  processing  observed  data  rests  on  the 
achieveaents  of  aany  branches  of  science  and  engineering.  The 
conteaporary  aethods  of  processing  the  results  of  aeasureaents  were 
created  in  essence  in  the  first  half  of  the  XIX  century. 

Honitoring  of  the  observance  of  the  uniforaity  of  aeasures  and 
their  correctness  in  the  USSR  is  r ealize/accoaplished  by  coaaittee  of 
standards,  aeasures  and  aeasuring  aeters  and  by  its  organ/controls. 
Furtheraore,  are  organ/controls  of  departaental  supervision  for  the 
verif ication/check  of  aeasures  and  aeasuring  aeters  at  plants  and  in 
the  research  institutions  which  conpulsorily  are  recorded  in  the 
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coaaittee  of  standards,  measures  and  aeasuring  asters. 

By  the  organ/controls  of  coaaittee  believe  the  standard  aeasures 
and  aeasuring  meters,  and  also  the  instruaents  of  production  control 
(if  in  production  there  are  no  point/iteas  of  the  departaental 
supervision)  . 

The  aethods  of  the  verification/check  cf  aeasures  anl  aeasuring 
aeters  are  presented  in  docuaent  the  "tiae/teaporary  rules  of  12-54 
organizations  and  conducting  the  verification/check  of  aeasures  and 
aeasuring  aeters".  The  enterprises,  which  produce  aeasures  and 
aeasuring  aeters,  confira  the  experiaental  models  last/latter  in  the 
coaaittee  of  standards,  aeasures  and  aeasuring  aeters. 

With  the  verification/check  of  aeasures  and  aeasuring  aeters  as 
absolutely  precise  values,  are  accepted  international  standards.  The 
state  standards  of  measures,  determined  with  aetrological 
accuracy/precision,  consider  true  values. 


1.  Measures,  aeasuring  aeters  and  their  errors. 


Measures  are  bodies  or  the  devices,  which  are  the  real 
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reproduction  of  ones  of  measurement  or  their  portions.  Thus,  for 
instance,  weights  are  the  aeasures  of  eass,  light  rays  - by  the 
linear  aeasures  (linear  aeasures  are  also  aeters,  centiaeters)  , etc. 

The  direct  comparison  of  the  aeasured  values  with  aeasures  in 
the  majority  of  cases  is  iapossible.  Therefore  aeasureaents  are 
produced  with  the  aid  of  the  measuring  aeters,  which  make  it  possible 
to  carry  out  the  convenient  and  sufficiently  precise  comparison  of 
the  aeasured  values  with  the  taken  as  units  of  measure. 

Page  13. 


All  aeasures  and  measuring  aeters  are  divided  into  two  groups: 

1)  the  standard  aeasures  and  reference  instruments, 

2)  working  aeasures  and  working  measuring  aeters. 

The  standard  aeasures  and  instruments  serve  for  reproduction  and 
storage  of  taken  ones  of  measure sent,  and  also  of  their  fractional  or 
multiple  parts.  Sometimes  standard  instruaents  are  applied  for 
precise  aeasureaents  in  the  experimental  work.  Working  measures  and 
iqstruaents  - these  are  still  measures  and  instruments,  with  the 
exception  of  speciaen. 
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T^e  result  of  aeasureaents,  which  they  read  on  the  scale  of 
■easure  or  instruaent,  he  is  called  noainal.  The  value  of  the 
■easured  quantity,  obtained  with  the  aid  of  aore  precise  standard 
instruaent  or  aeasure,  he  is  called  real.  If  aeasureaents  are 
conducted  with  the  aid  of  standard  instruaents,  then  real  value  is 
deterained  by  aore  precision  instruaents. 

The  difference  between  the  noainal  and  actual  value  of  value 
calls  an  absolute  error  in  the  aeasure  or  instruaent,  which  can  be 
represented  in  the  following  fora: 

A =*  a„  — a,,  ( 1 ) 

where  «„•  - a noainal  valne; 

a«  - actual  value. 

The  absolute  correction  of  aeasure  or  instruaent  he  is  called 
the  error,  undertaken  with  the  opposite  sign: 

S = — A«=a,—  a,.  (2) 

It  is  obvious  that 

(3) 

Proa  expression  (3)  it  is  evident  that  the  actual  value  of  the 
aeasured  value  is  an  algebraic  sun  of  the  coainal  value  of  value  and 
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correction . 

For  example,  are  two  working  rules  with  a length  of  100  ■■  each. 
During  coaparison  with  the  standard  aeasure,  it  turned  out  that  the 
effective  length  of  the  first  rule  was  equal  to  100.1  aa,  and  the 
effective  length  of  the  second  rule  was  equal  to  99.8  an.  Then  an 
absolute  error  in  the  first  rule 

A,  = 100-100,1=— 0,1  ■■ 


and  second 


Aj=  100 — 99,8=0,2 

Correction  for  the  first  rule  is  equal  to  0.1  aa,  and  for  second 
sinus  0.2  aa. 

Page  14. 

Besides  absolute,  frequently  are  deterained  relative  errors. 
Relative  errors  in  o/o  are  calculated  according  to  the  for  aulas: 

the  real  relative  error 

100; 

■l 


(«> 
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the  aoaiaal  calatin  error 

(5) 

«« 

the  given  relative  error  a„=— ~a*  100,  (6) 

®n 

where  a°  is  the  infinity  of  instraaent. 

Example.  During  engine,  testing  is  measured  the  gas  pressure 
behind  turbine  with  the  aid  of  two  aanoneters.  working  aanoaeter  in 
mechanic  vill  show  pressure  2. 1 kg/cm*  (nominal  value) . At  the  saae 
time  specimen  aanoaeter  fixed  the  pressure,  egual  to  2.15  kg/ca*, 
which  is  considered  real  value. 

An  absolute  error  of  aeasureaent  is  egual  to 


— 2,15=  - o.os  kg/ca*. 


Correction  will  be 


»=/>,— yjn-2,15  — 2,  io  = 0,05  kg/ca*. 


Relative  errors  in  this  csss  will  bo  egaal  to 


WO— 2.32* 


DOC  = 77233202 


PAGE  -T 


Usually  in  the  practice  of  the  aeasureaents  of  valae  Aa  aad  A„ 
are  very  close  to  each  other  and  relative  error  can  be  defined  both 
with  respect  to  noninal  and  to  the  actual  value  of  the  aeasured 
value*  without  waking  the  difference  between  then. 

Besides  the  indicated  absolute  and  relative  errors*  is  applied 
another  concept  of  the  peraissible  error  (by  absolute  or  relative) . 
By  the  peraissible  error  is  understood  the  aaxiaun  instruaent  error* 
stipulated  by  coaaand. 

The  important  index  of  the  guality  of  instruaent  is  the 
constancy  of  its  readings*  which  is  estiaated  at  variation.  A 
variation  in  the  instruaent  he  is  called  the  greatest  difference 
between  the  results  of  value  one  and  the  saae  aeasureaents* 
aanufactured  under  one  and  the  saae  conditions. 

Page  15. 

The  iaportant  characteristic  of  instruaent  is  its  sensitivity* 
deterained  by  the  faraula 
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in  which 

An  - a nuaber  of  scale  divisions; 

AA  - a nuaber  of  ones  of  the  aeasured  value,  which  correspond 

An. 


The  classification  of  aeasures  and  aeasuring  aeters  is  produced 
on  the  kind  of  the  aeasured  value,  operating  principle,  the  aethod  of 
transaission  of  aeasuring  data,  diaensions,  accuracy/precision,  the 
field  of  application,  etc. 

Instruaents  are  divided  using  the  aethod  of  obtaining  the 
aeasured  value  into  coaparing,  showing  and  those  who  integrate. 

The  coaparing  instrunents  are  called  such,  which  sake  it 
possible  to  coapare  aeasure  and  the  aeasured  value  (i.e.  in  the 
asseably  of  the  coaparing  instruaent  coapulsorily  it  enters  and 
aeasure).  As  an  exaaple  of  the  coaparing  instruaent  it  is  possible  to 
indicate  cup  weights  (one  cup  place  the  neasured  value,  to  another 
the  set  of  aeasures  - the  weights,  which  balance  the  aeasured  value). 

The  reading  instruaents  are  called  such,  which  aake  it  possible 
to  aake  direct  reading  of  the  value  of  the  aeasured  quantity.  The 
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majority  of  the  used  instruments  belongs  precisely  to  this  type.  The 
reading  instruaents  include  dial  weights,  hours,  aanoneters, 
dynaaoaeters,  ther aoaeters,  etc. 

The  integrating  instruaents  include  the  sunning  instruaents 
(total  revolution  counters,  the  flow  aeters  of  liquid,  gases, 
electric  power,  planiaeters  etc.). 

□sing  the  nethod  of  recording,  the  instruaents  are  divided  into: 

1)  direct-readings  instruaent  (aanoneters,  dynaaoaeters  etc.) ; 

2)  recording  (i.e.  with  the  automatic  recording  of  readings)  ; 

3)  controlling  (i.e.  the  measuring  parameters  of  process  and 
through  the  appropriate  devices  affecting  its  course); 

*)  of  local  and  remote  action. 

Instruaent  accuracy  is  characterized  by  the  value  of  the  aaxiaun 
given  relative  error  or  by  the  class  of  precision.  For  example,  the 
instruaent  of  class  0.5  has  permissible  given  relative  error  _»0. 5o/o. 
Depending  on  accuracy/precision,  all  instruaents  are  divided  into 


classes 
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Measures  and  instruments  are  divided  also  into  laboratory  (for 
precise  measurements  in  laboratories)  and  technical  (for  less  precise 
measurements).  During  measurement  by  laboratory  instruments,  are 
considered  the  corrections  to  their  readings,  and  in  certain  cases 
are  carried  out  special  experiments  for  determining  the  accuracy  of 
measurement.  During  measurement  by  technical  instruments  by  the 
accuracy  of  measurements  they  are  assigned  previously  on  the  basis  of 
specifications  of  instrument. 

Page  16. 

The  standard  measures  and  instruments  are  divided  into: 

1)  standards: 

2)  the  standard  measures  and  the  instruments  of  the  limited 
accuracy/precision  (more  freguent  - simply  standard  measures  and 
instruments) . 

Standards  are  measures  and  the  instruments  of  the  highest 
(metrological)  accuracy/precision.  The  accuracy/precision  of 
standards  is  retained  because  of  their  rare  application/use  and 
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storage  under  special  conditions.  The  standard  aeasures  and 
instruments  have  snaller  accuracy/precision  and  believe  with  the  aid 
of  working  standards. 

The  classification  of  standards,  of  the  standard  aeasures  and 
instruments,  the  methods  of  provision  and 

preservation/retention/aaintaining  of  their  accuracy/precision  are 
examined  in  detail  in  the  courses  of  metrology. 

2.  Forms  of  measurements. 

Are  distinguished  direct/straight  and  indirect  measurements. 

Bhen  conducting  of  direct  measurements,  the  unknown  value  is 
determined  with  the  aid  of  measure  or  instrument  directly.  Indirect 
measurements  are  carried  out  when  direct  measurements  are  difficult 
or  impossible.  As  an  example  of  indirect  measurement,  it  is  possible 
to  give  the  case  of  power  measurement,  when  for  obtaining  the 
numerical  value  of  this  quantity  it  is  necessary  to  separately 
measure  the  revolutions  and  the  torgue/moment,  but  power  coefficient 
to  calculate  according  to  formula. 


Direct  measurements  are  carried  out  most  frequently  by  the 
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following  nethods: 

1)  by  direct  evaluation  (for  exanple,  teaperature  aeasureaent 
■ercury  thernoneter,  the  aeasureaent  of  weight  on  weights  etc.), 

2)  by  differential  nethod  (is  neasured  the  difference  between 
the  unknown  and  known  values), 

3)  by  null  nethod  (action  of  the  neasured  value  is  balanced 

previously  by  the  known  counteraction).  By  an  exaaple  of  the 
application/use  of  a null  nethod  can  serve  weighing  on  egual-ara 
weights,  aeasureaent  <2- rn.  of  theraocouple  as  potentioaetric 

aethod,  the  aeasureaent  of  the  reaction  force  of  coabustion  chaaber 
by  bringing  the  arrow/pointer  of  suction  gauge  to  zero  so  forth. 


3.  Errors  of  aeasureaent. 


During  aeasureaent  always  appear  the  errors,  which  can  be 
divided  into  subjective  and  objective.  Subjective  errors  depend  on 
the  properties  of  observer,  on  shortconings  in  his  sense  organs  and 
nervous  systea. 


2>1 
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Let  us  first  of  all  give  examples  of  the  errors  of  view.  In  Fig. 
1,  distance  between  points  a and  b seens  considerably  greater  than 
between  points  b and  c.  It  is  easy  to  ascertain  that  the  points  are 
located  on  equal  distance  froa  each  other. 


Page  17. 


In  Fig.  2 , angle  AOB  seens  greater  than  angle  A'0*B'.  In 
actuality  they  are  equal. 


Fig.  3,  depicts  the  vertically  arranged/located  snail  circles. 

It  seens  that  their  right  edges  are  arrange/located  on  curve,  bent  to 
the  left.  It  is  easy  to  ascertain  that  they  lie/rest  on  straight 
line. 


The  widespread  in  observers  organic  defects  of  view  and  audition 
also  affect  the  accuracy  of  neasurenents. 


When  conducting  of  the  experinental  work,  is  very  inportant  the 
speed  of  reaction  to  the  obtained  signal.  Experinents  show  that  the 
reaction  (notion  of  finger/pin)  after  obtaining  of  the  strong  sound 
signal  begins  after  0.082*0.195  s.#  but  during  obtaining  of  the  weak 
signal  on  0.06*0.0  7 s. , it  is  slower. 


Given  iaforaation  aust  convince  the  reader  of  the  need  for 
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critical  relation  not  only  to  the  aethods  of  Measurements  and 
instruaents,  but  also  to  the  properties  of  the  coapetitors  of 
aeasureaents. 

The  reason  for  the  appearance  of  objective  errors  are  inaccuracy 
in  the  instruaents,  the  liaitedness  of  the  tiae  of  aeasureaents,  the 
inertness  of  instruaents  and  entire  testing  unit  as  a whole,  anbient 
effect  on  instruaents  and  setting  up. 

Are  distinguished  also  systeaatic  and  randoa  errors  and  errors. 

K 
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Fig.  1.  Evaluation  of  distance  between  points. 


o 

O 

o 

o 

o 


Fig.  2.  To  estimate  of  the  aagnitude  of  angles. 


Fig.  3.  To  evaluation  of  fora. 


Page  18. 


Systeaatic  errors  can  be  different  origin  and  are  divided  on: 
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1)  instruaent/tool  - appearing  as  a result  of  inaccuracies  in 
the  instru Bents; 

2)  adjusting  - due  to  the  aisad justaent  of  the  aetering 
equipaent  (nonhori zontality*  aisalignaents  etc.); 

3)  personal  - appearing  due  to  the  special  feature/peculiarities 
of  the  observer  (incorrect  evaluation  of  color*  slow  reaction  to 
events*  shortcoaings  in  the  audition  etc.) ; 

4)  of  the  aethod  of  aeasureaents  - for  exaaple*  during  the 
aeasurenent  of  the  teaperature  of  stagnation  of  gas  flow  by 
theraocouple  with  the  open  joint  etc.; 

5)  theoretical  - appearing  as  a result  of  the  application/use  of 
inaccurate  or  erroneous  foraulas  for  processing  of  experiaental  data. 

* 

Systeaatic  errors  cannot  be  coapletely  destroyed*  but  in  the 
practice  of  experiaent*  always  they  approach  their  eliaination  or 
precise  account. 


Instruaent/tool  and  adjusting  errors  are  decreased  bf 
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structural/design  procedures,  the  calibration  of  instruments  (by 
comparison  of  readings  with  specimen  and  the  introduction  of  the 
corresponding  corrections  into  readings  of  service  instruments), 
correct  instrumentation,  their  protection  from  vibrations,  dust, 
jerk/iapulses.  The  rules  of  instrumentation  usually  are  indicated  in 
their  descriptions. 

Personal  errors  can  be  decreased  by  the  selection  of  testers, 
who  satisfy  definite  requirements.  Whe\  M»is  is  impossible,  it  is 
necessary  to  approach  the  creation  of  the  automatic  and  semiautomatic 
measuring  systems  whose  work  does  not  depend  on  the  properties  of 
tester. 

Vheoretical  errors  and  errors  in  the  method  of  measurements  can 
be  excluded  or  decreased  as  a result  of  detailed  preliminary  research 
on  the  theory  of  the  phenomenon,  selected  system  of  the  measurements, 
used  instruments  and  other  experimenters' s experience. 

The  taken  into  account  previously  systematic  errors  on  test 
result  effect  do  not  have. 

The  random  errors  are  unavoidable.  The  reasons  for  their 
appearance  for  each  specific  case  are  unknown.  By  research  on  these 
errors  is  occupied  theory  of  errors. 
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Errors  are  the  exaggerated  errors,  which  are  the  consequence  of 
the  inattention  of  observer  or  aalfunctions  in  aeasuring  systeas. 
During  processing  of  test  results,  the  errors  are  not  considered. 

Page  19. 

*»•  Processing  experiaental  data  on  the  aethod  of  least  squares. 

Por  obtaining  the  aost  precise  values  of  the  aeasurad  quantities 
processing  observed  data  is  carried  out  through  the  aethod  of  least 
squares.  The  bases  of  this  aethod  were  created  by  Gauss  for 
processing  of  astronoaical  observations  into  1808.  Gradually  the 
aethod  of  least  squares  has  been  used  also  in  other  fields  of 
knowledge. 

An  especially  large  value  a aethod  of  least  squares  has  during 
the  adjustnent  of  a precise  test  installation  and  during  gas~dynanic 
investigations.  Por  processing  of  the  results  of  experiaent  on  this 
aethod  necessary  to  have  the  considerable  nuaber  of  experiaental 
points  (on  each  aode/conditions  one  should  carry  out  not  less  than  10 
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■easureients) that  restricts  its  application/use  during  the  tests  of 
full-scale  engines.  The  bases  of  the  eethod  of  least  squares  are 
briefly  examined  below. 

Theoree  of  coapound  probability. 


4 


The  probability  of  event  is  called  the  ratio  of  the  nueber  of 
cases  of  the  appearance  of  an  event  to  the  nuaber  of  all  equally 
likely  cases. 


Thus,  for  instance*  if  of  100  tested  engines  of  5 engines  they 
have  aonunifora  teaperature  field*  then  the  probability  of  the 
appearance  of  engines  with  this  defect  in  the  following  batch  of 
engines  was  egual  to  0.05  (if*  of  course*  accepted  no  aeasures  to  the 
eliaination  of  this  shortcoaing) . 

For  the  substantiation  of  the  aethod  of  least  squares  iaportant 
value  has  the  theorea  of  coapound  probability. 

Theorea.  The  probability  of  the  joint  appearance  of  two 


i 


independent  events  is  egual  to  the  product  these  of  probabilities  the 
independent  of  each  other  events. 


f 
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Let  the  probability  of  the  first  event 


and  the  second 


pt= 


The  total  nuaber  of  equally  likely  cases  is  equal  n(*n2,  since  to 
each  event  of  the  first  group  can  correspond  any  of  the  events  of  the 
second  group. 


The  nuaber  of  favorable  cases  for  the  sane  reason  is  equal 
Since  the  joint  appearance  of  two  independent  events  is  also 
event,  then 


m,  • otj 

=•  P\-Pi- 

/Ip/lj 


(8) 


which  was  required  to  prove. 


Law  of  the  distribution  of  the  randon  errors. 


As  the  basis  of  the  derivation  of  the  foraula,  which  expresses 
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the  law  of  the  distribution  of  the  randoa  errors  (law  of  Gauss)#  is 
placed  the  theorea  of  compound  probability  and  the  following  axioms: 

1.  Equal  in  absolute  value,  but  different  in  sign  errors  appear 
equally  frequently. 

Page  20. 

2.  Frequency  of  appearance  of  low  errors  is  aore  than  frequency 
of  appearance  of  large.  Very  large  errors  are  not  encountered. 


The  taken  axioas  rest  on  the  iaaense  experiment  of  studies  in 
the  different  fields  of  science.  After  passing  to  the 
conclusion/derivation  of  the  law  of  Gauss,  let  us  suppose  that  it  is 
carried  out  by  N of  value  one  and  the  saae  aeasureaents.  In  this 
case,  are  noted  the  greatest  errors  ♦a  and  -a.  Let  us  apply  values  *a 
and  -a  to  the  horizontal  axis  of  errors  x.  Cut  between  points  -a  and 
♦a  (Fig.  4)  on  the  axis  of  errors  let  us  break  down  to  large  nuaber  n 
of  parts.  Froa  the  total  number  of  aeasureaents  N,  soae  nuaber  of 
aeasureaents  dN  will  have  errors,  which  fall  on  cut  dx,  which  is 
located  at  a distance  x froa  the  origin  of  coordinates  0.  Distance  x 
in  this  case  characterizes  magnitude  of  error.  It  is  possible  to 
assume  that 


dN=N\(x)dx, 


(9) 


¥■> 
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where  f (x)  - the  unknown  function,  which  expresses  the  distribution 
of  errors; 

N - the  known  nunber  of  aeasureaents. 

The  probability  of  the  appearance  of  error  x on  cut  lx  will  be 

dp=s  77 “/(■*) dx- 

Froa  the  first  axioa,  accepted  by  us  in  the  beginning  of 
conclusion/derivation,  it  follows  that 

/(*)«*(**). 

since  synnetrical  relative  to  the  origin  of  the  coordinates  of  0 
error  they  are  encountered  equally  frequently.  Then  after 
substitution  we  obtain 

dp=<p(x')  dx.  (10) 

For  deteraining  the  fora  of  the  function  *(x*)  let  us  exaaine 
the  problea,  connected  with  firing  into  target.  Let  the 
rifleaan/gunner  atteapt  to  hit  the  center  of  target,  which  coincides 
with  the  origin  of  coordinates  0 (Fig.  5)  .< 
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-a  o -+•« 


Fig.  4.  To  derivation  of  fornula  of  Gauss. 


Page  21. 

Experiment  shows  that  the  holes  in  target  in  a good  rif leean/gunne r 
densely  are  furnished  near  the  center  of  target  and  than  further  froe 
it,  by  those  of  hole  they  are  encountered  nore  rarely.  Probability 
that  froe  M of  shots  dN  falls  into  the  shaded  rectangle  a,  will  be 

dP— d-^mm’9(x,)dx<»(yi)dy.  (11) 

Let  us  now  pass  to  that  which  was  turned  the  axle/axes  of 
coordinates  C and  7J  aoreover  axle/axis  € is  passed  through  the 
middle  of  rectangle  a,  as  shown  in  Fig.  6. 

It  is  obvious  that 

and  the  probability 


dp=f(0)dm  ((*)«*(, 


(12) 


but 


then 

dp—f  (0)-rfT)f  (jc*+jf*)rfl.  (13) 

After  accept  lag  di  dr\  - d.<  dy,  we  will  obtain 

<//>=?  (0)f(x'*-\-yl)dxdy.  (14) 

After  connecting  further  expressions  (11)  and  (1h)  , let  us  find 

T(0)?(Jt,+  V,)"P(-tJ)'p(/).  (I5) 

Thus,  we  will  obtain  the  functional  equation,  naking  it  possible 

to  deteraine  the  fora  of  the  function  *(x2).  Let  us  nanufacture 
substitution  x2  = u,  y2  = v,  * (0)  = c;  in  this  case  equation  (15) 
will  take  the  fora 

Cf(u  + v)—<f(u)<f(v).  ( 1 6) 

Proa  preceding/previous  it  is  obvious  that  u and  v are 
independent  of  each  other  and  can  acquire  any  values.  Let  v = k , 
where  k is  a constant  value.  Then  equation  (16)  will  take  the  fora 

c<p  (a + *)  = ?(«)?  (A).  (17) 


Fig.  5.  Target. 


Fig.  6.  Target  with  turned  coordinates. 


and  let  us  desonstrats  that  these  fractions  are  equal  to  sose 
constant  for  the  present  instance  nusber. 
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After  considering  that 


«*(«) 


»'(«) 

T(“) 


and 


«.(«  + + *>. 


*<“  + *) 


we  will  obtain 

»(u)  = o>(ii  + k).  (20) 

Equation  (20)  is  correct  at  any  values  of  u and  k,  including 
with  w = 0. 


Function  w (k)  retains  its  value  at  any  values  of  k,  i.e.#  w(k) 
const.  Consequently*  function  w(u)  = const  independent  of  u.  Hence 
follows 


t&-b. 

v(“) 


(21) 


After  the  integration 


whence 


In  <?(u)  = bu  + In  C, 


(22) 

or 

7 (•**)  = Ce>*\  (23) 

After  taking  Into  consideration  the  second  axioa  according  to 
which  the  function  #(x*)  oust  be  decreased  with  increase  in  x,  it  is 


a 


t j 


! 


i 
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possible  to  assign  by  constant  b = - (1/k<)  and  to  obtain 


?(**)  = Ce  * . 


It  is  obvious  that  all  errors  carried  out  N of  tests  are  packed 
on  the  axis  of  errors  x in  the  range  of--  to  ♦- , i.e. , 

dN = N<?  (**)  dx 


whence 


Page  23. 


Integral 


consequently. 


Thus, 


N=N  J <f(x*)dx. 


j ?(.*V**=  1. 


•4>  «• 

j*  e *’  dx  = hY n, 


/(jc)^f(x*)—j^=e  xr. 


The  foraula,  which  expresses  the  law  of  Gauss,  will  take  the 
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fora 


dp 


*/ 


1 ~*r 

- /»  flJC. 


(28) 


The  unknown  thus  far  value  h can  be  found  as  follows.  The  nuaber 
of  errors  on  cut  dx,  arrange/located  at  a distance  x froa  the  origin 
of  the  coordinates  of  the  axle/axis  of  errors,  is  egual 


dS^Nf{x)dx  = -^ 


N e~rdx. 


(29) 


With  the  suaaation  of  the  squares  of  errors  into  sun,  will  enter  the 
expression 


x'dN^N  "'dx. 

A/k 


The  theoretical  value  of  the  sub  of  the  squares  of  errors  can  be 
deterained  by  the  integration  of  the  preceding/previous  expression 
within  Halts  froa-*  to 


(3") 


whence  it  follows 


*>  — Sj_ 

2 ™ /v 


(31) 
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After  designating  the  error  by 


•<  ” U — L, 


i 


i 


t 
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where  - the  aeasured  value  of  quantity; 


L - the  true  value  of  quantity. 


we  will  obtain 


5t=,i  + *j+ 


• + ' * 


A-j/ •._:+& 


Value 


_iX  *i  + *j+  ■ • • +*jl 

N (>33> 

he  is  called  root- wean-square  error  of  a series  of  weasureaents  or 
the  siaply  aean  error  of  a series  of  aeasureaents. 


Thus,  the  foraula,  which  represents  the  law  of  Gauss,  will  take 


the  fora 


_ 

dp=,— Le  »'dx. 

2« 


The  obtained  expression  of  the  law  of  the  distribution  of  the 
randoa  errors  can  be  represented  in  the  fora  of  carve  (Fig.  7). 


Calculations  show  that  aaqnitudes  of  error  in  the  half  of 
asureaents  (0.5M)  are  located  froa  -0.674p  to  »0.674p.  The  fora  of 


DOC  » 77233202  PAGE  33 

the  curve  of  the  lav  of  Gauss  depends  on  the  value  of 
root-mean-sguare  error  of  a series  of  neasurenents.  Hany  researchers 
experimentally  check  the  lav  of  Gauss  and  vill  confirn  his 
correctness.  In  the  presence  of  noticeable  systematic  errors*  the 
curve  is  misaligned  and  becomes  unsymmetric  relative  to  the  origin  of 
coordinates. 

Applying  the  lav  of  Gauss  during  processing  of  the  results  of 

experiments,  it  is  possible  to  drav  a conclusion  about  the  probable 

* 

value  of  the  measured  value.  Let  us  assume  that  one  and  the  same 
value  is  measured  under  the  constant/invariable  conditions  N once  one 
and  the  sane  instruments  mod  is  obtained  a series  of  its  values 

h In- 
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Pig.  7.  Law  of  distribution  of  randoa  errors. 


Page  25. 

To  what  will  be  the  equally  probable  value  of  the  aeasured 
value?  Let  it  be  equal  to  L.  Then  errors  are  equal  to 

* A'  *=  f A L. 

The  probability  of  the  joint  appearance  of  values  < ei,  e» e*.  as 

is  evident  of  previously  deeonstrated  theorem  and  the  law  of  Gaass, 
it  is  proportional 

/ I \N  ~ + ' ' ' *'n) 

e 

Moreover  probability  will  be  greatest,  when  the  valae  of  san 
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is  minimal.  This  sub  can  be  presented  in  the  fori 
Ve>_  l/- (/,_£)*+(/,-£)*+  . . . +(/*-/.)* 

I 

and  to  find  the  condition  of  the  nininun  of  its  value 

^-2[(/,-f)  + (/,-f.)  + . . .+</*-£)]« 0. 

whence 

c ''  + '*+■  • +1*  (35) 

N 

This  leans  that,  if  produced  n of  leasureients,  then  the  aost 
probable  (true)  value  of  the  unknown  quantity  will  be  arithmetic  Bean 
of  this  series  of  aeasureaents. 

It  is  interesting  to  note  that  the  researchers  intuitively  apply 
the  law  arithmetic  aean  long  before  appearance  law  of  Gauss. 


Processing  the  results  of  direct  aeasureaents. 


In  this  section  is  given  the  order  and  foraulas  (without 
conclusion/derivations)  for  processing  of  the  results  of  direct 
aeasureaents  with  the  aid  of  the  method  of  least  squares.  Usually  as 
true  value  (independent  of  the  nunber  of  aeasureaents),  they  accept 


T5-  - 


1 


Si 
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arithaetic  Bean  of  results  N of  aeasureaents,  deterained  by  foraula 
(35).  It  aust  be  noted  that  in  this  foraula  substitute  values  1,,  12 
and  so  forth,  already  freed  froa  systeaatic  errors  and  errors.  The 
latter  is  possible  easily  to  reveal/detect  with  the  survey  of  the 
results  of  experiaents. 


Page  26. 

If  N > 10,  then  is  estiaated  also  the  accuracy  of  aea sureaents. 
First  of  all  are  estiaated  residual  errors  according  to  the  foraula 

v,  ==/,-/.  <;<6> 

and  an  average  quadratic  error  in  the  resalt  of  aeasarenents 
according  to  the  expression 

. .+gr  (37, 

V N(N-\)  v 

After  this  they  calculate  the  greatest  possible  error  in  the  result 
of  the  aeasureaents 

*_-3»  (38) 

and  the  probable  error  is  the  result  of  the  seasureaeats 

P-  0,6745  o.  (39) 

Value  p divides  the  field  of  errors  by  two  equal  parts,  i.e., 
0»5M  it  lie/rests  within  interval/gap  ♦ p.  The  final  result  of 


aeasureaents  he  is  record/writ tea  la  the  follovinq  fora: 

(40) 


3 
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Processing  the  results  of  indirect  measurements. 


Many  values  during  testing  of  engines  or  their  cell/eleaents  are 
determined  indirectly  by  calculation  according  to  the  data  of  direct 
aeasureaents.  Thus,  for  instance,  power  of  turboprop  engine  on  shaft 
is  calculated  according  to  the  foraula 

* 716,2  ' 

where  MKf  is  the  torsional  aoaent; 

n - the  revolutions  of  propeller  shaft. 

Talues  a/hp  and  n are  aeasured  directly  during  tests. 

Thus,  the  power  of  engine  is  deterained  indirectly  according  to 
the  results  of  direct  aeasureaents.  The  aost  reliable  value  N,  is 
obtained,  if  value  M„r  and  n are  undertaken  for  calculation  as 
arithaetic  mean  of  a series  of  aeasureaents. 
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Processing  the  results  of  indirect  neasurenents  is  carried  out 
as  follows. 


It  is  required  to  find  value 

P=f(x.y,z) 

according  to  the  results  of  direct  ueasureaents  x,  y,  z.  Values  x#  y, 
z are  defined  as  arithmetic  lean  of  a series  of  neasurenents. 

Page  27. 


Por  determining  a relative  error  in  the  indirect  measurement  of  value 
P#  apply  the  foraula 


HD 


in  which 

iP  dP  dP 
fix  ' fiv  ’ fit 

f\  the  particular  derivatives  p on  arguments  x,  y,  z; 

. t { * absolute  errors  in  the  results  of  direct 

*jT»  'I*  '| 

measure  neats  of  values  x,  y , z. 

Example.  It  is  required  to  find  the  powerf  transferred  by 
screw/propeller  of  TV D,  if  it  is  known  that  the  torsional  moment 
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Al,,,  — 3581  ±36 

/\  kg-i  the  amber  of  revolutions  of  shaft  n * 1000  _♦  10  r/ain. 


The  aaount  of  the  power,  transferred  to  screw/propellers,  is 
calculated  according  to  the  foraula 

716.2 


For  deter aining  relative  probable  error,  we  find  the  partial 
derivatives 


dN,  A!,,  dN,  n 

dn  = 716^2'  dAf  „p  ” 716,2 


Then,  after  aultiplying  partial  derivatives  by  probable  absolute 
errors  An  and  am.,  and  after  substituting  for  n and  Mm,  their 
numerical  values,  froa  foraula  (41)  let  us  find  the  probable  relative 
error 


--£l 

716,2, 

= Af«p"  \ 

/ 

A 

An5+  | 

,716,2/ 

(7,6.2)  *<- 

/A M 

VM 

o.on. 


Thus,  a probable  relative  error  in  the  result  of  indirect 
aeasureaeat  is  1.4o/o. 
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Value 


N. 


Mtfn  3581-1000 
716,2”  716.2 


Absolute  probable  error 


f = pA/,  = 5000- 0,0 14  = 70 


Final  result  aust  be  recorded 


N,  5000  ±70  ^ 


sp  'S 
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Chapter  III. 


BEASUHING  HETERS  AND  DEVICES. 


In  this  chapter  are  exaained  the  aethods  of  the  aeasareaent  of 
the  paraaeters,  which  characterize  work  of  VRD,  the  descriptions  of 
instruaents  and  aeasuring  devices,  widely  applied  in  practice 
laboratories  and  experiaental  stations. 

In  the  practice  of  scientific  investigations  increasing 
propagation  receive  also  other  aethods  and  the  instruaents,  which 
ensure  either  the  increased  accuracy  of  aeasureaents  or  the 
neasureaent  of  the  values,  not  deterained  during  plant  tests.  So,  for 
research  on  flows  are  applied  the  optical  aethods  of  studies  and 
aeasureaents  - shadow,  interferoaetric,  spectral  absorption.  For 
speed  neasureaent  of  flows,  finds  a use  the  aethod  of  tracing  by 
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ions,  the  gloving  particles,  electric  spark.  Daring  neasurenent  of 
high  teaperatures,  apply  the  aethods  of  reversal  of  spectrua  lines, 
pyroaetric,  etc.  Considerable  developaent  will  receive  the  study 
technique  of  burning  by  the  aethod  of  straight  line  and 

schlieren- photography  and  inter feroaetric  aeasureaent.  4 

Survey/coverage  of  the  scientific  aethods  of  study  the  reader 
can  find  in  specialized  literature  *. 

ft 

FOOTNOTE  ».  Collection  the  "physical  aethods  of  aeasureaent  in  gas 
dynaaics  and  during  burning"*  translation/conversion  edited  by  Yu.  p. 

Dityakin,  1L,  1957.  ENDFOOTNOTE. 

1.  Pressure  aeasureaent. 

? 


During  the  tests  of  jet  engines,  are  aeasured  the  following 
pressures:  baroaetric  - by  baroaeters,  evacuation/rarefaction  - by 
vacuua  gauges,  overpressure  above  the  environaent  - by  nanoaeters  and 
the  pressure  differentials  - by  differential  nanoaeters.  In  practice, 
however,  all  pressure  devices  or  their  juap/drops  they  are 
conditionally  called  nanoaeters.  For  the  aeasureaent  of  the  constant 


. » . ^ ..  *Jl  J 


w . - . 


J 
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or  slowly  changing  pressures  widest  use  will  receive  liquid,  spring 
and  piston  gauges. 

The  idea  of  the  liquid  nanoneter  in  which  the  pressure  or 
pressure  difference  is  neasured  by  the  liquid  colunn,  proposed  for 
the  first  tine  in  1640  by  E.  Torricellis.  The  spring  pressure  valves 
arc  created  considerably  late  by  R.  Shints  (1846)  and  by  re.  Bourdon 
(1848).  The  first  diaphraga  nanoneter  is  designed  into  1847  by  7. 
Vaydl. 

Page  29. 


Liquid  nanoneters. 


Hide  application  they  will  find  three  types  of  the  liquid 
nanoneters:  0-shaped,  single-tube  (cup)  and  nicronanoneters.  The 
schenatic  of  a U-shaped  nanoneter  is  given  to  Pig.  8. 

Let  us  ezanine  work  of  nanoneter.  In  two  glass  tubes,  connected 
together  below,  is  poured  the  liquid.  To  free  jets,  are  conducted 
pressures  ptand  p2 • Then  the  weight  of  colunn  h of  liquid  balances 
pressare  difference 


— 7*.  (V«z) 
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where  y is  the  specific  gravity/ve ight  of  closing  liquid; 

h - the  neasured  pressure  differential. 

For  determining  a precise  value  of  junp/drop  p2-p1#  it  is 
necessary  to  correct  for  the  effect  of  ambient  temperature  for  the 
length  of  the  scale,  the  specific  gravity/weight  of  liquid  and 
capillarity.  A change  in  the  size/dinensions  of  glass  tube  does  not 
affect  value  h. 


Beal  junp/drop  can  be  determined  by  the  measured  junp/drop  h by 
the  formula 


> 


(43) 


where  a is  a coefficient  of  the  linear  expansion  of  material  of  the 
scale; 


6 ~ the  volumetric  expansion  coefficient  of  closing  liquid; 


t - the  ambient  temperature  in  the  torque/noment  of  measurement 


t0  - standard  temperature  at  which  and  h coincide  (value  tQ 


I 


C*2 
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* 20°C) . 

Value  a for  brass  0.16*10'*  1/deg,  for  glass  0.08*10~*  1/deg  and 
for  steel  0. 11*10“*  1/deg. 

The  properties  of  the  nost  frequently  used  in  nanoneters  liquids 
are  given  in  Table  1 on  page  30. 

It  aust  be  noted  that  usually  the  tubes  frcn  which  are 
■anufactured  the  0-tube  gauges,  have  variable  inner  dianeter.  This 

v 3 

can  lead  to  the  error  due  to  different  surface  tension  in  the  elbows 
of  tube.  However,  as  show  calculations,  these  errors  are  snail. 

Therefore  nanoneters  with  the  calibrated  tubes  are  applied  only 
during  very  precise  neasurenents. 
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Fig.  8.  Sc  he  aa  tic  of  the  U-tube  gauge. 


Page  30. 

Capillary  corrections  depend  on  the  size/diaension  of  the 
diaaeter  of  tube  and  are  calculated  according  to  the  foraulas: 

for  the  uater 


for  the  alcohol 

**■— <«> 
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for  aercury 

(46> 

where  d is  a diaaeter  of  tube  in  aa. 

An  essential  shortcoaing  in  the  U-tube  gauges  consists  of  the 
necessity  to  record  the  liquid  level  iaaediately  in  two  tubes.  The 
single-tube  manometer  whose  schenatic  is  given  on  Fig.  9 does  not 
have  .this  shortconing.  The  aeasured  juap/drop 

h'l—Pt — Pi. 

During  level  aeasureaent  of  liquid  in  reservoir  is  depressed*  and  in 
tube  it  is  raised.  So  that  it  would  be  possible  to  disregard  lowering 
the  level  in  reservoir  and  aeasure  h ^ 1000  aa  Hg  with  an  accuracy  to 
0. lo/o,  the  ratio  of  the  diaaeter  of  reservoir  to  the  inner  diaaeter 
of  tube  aust  be  not  less  than  32. 

During  the  use  of  single-tube  manometers  in  the  najority  of 
cases*  it  is  necessary  to  correct  for  capillarity.  Thus,  for 
instance,  if  px  — pt  * 100  kgf/a2  or*  that  one  and  the  saae*  100  aa 
H20*  then  with  the  diaaeter  of  tube  d = 4 aa  an  increase  in  the  water 
level  in  tube  will  be  7.4  an*  and  the  error  in  aeasureaent  will  prove 
to  be  equal  to  7.4o/o. 


~a- « 
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Table  1. 


Property  of  working  fluids. 


(>) 

liaHueHOBaHiie 

pafioieii  MHAKOCTH 

<Ta> 

XHMHiecKaa 

4>opMyaa 

(»J 

yaeabHMK  BBC 

npii  20*  C 

r/cju3 

KOf<tK|)MUHeHT 
o<5T»eMiioro 
pacmiipeHMfl 
npw  T^jnepaType 

li> 

1 

0?Tyih 

Hg 

13,547 

18-10-"' 

IIjO 

0,998 

21-10-5 

KepocHii 

J-mipT  STHaoBbiii  (96*/») 

L HeTtapexxaopHCTuii  yrae- 
poa 

— 

-0,800 

-95-10-5 

CjlIjOH 

0,790 

110-10-5 

CC14 

1.580 

124.10-5 

Key:  (1).  Designation  of  working  fluid.  (2).  Cheaical  foraula.  (3). 
Specific  gravity/weight  with  20°C  g/ca3.  (4) . Voluaetric  expansion 
coefficient  at  teaperature  of  20®c-  (5).  Mercury.  (6).  Hater.  (7). 
Kerosene.  (8).  Ethyl  alcohol  (96o/o).  (9).  Carton  tetrachloride. 
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r or  the  aeasureaent  of  saall  pressure  differentials,  which  do 
not  exceed  200  an  H2o,  ace  applied  the  aicronanoaeters  with  inclined 


(c(=> 
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tub  e (Fig.  10).  It  is  obvious  that 

pt  — />,  — 7 /sin  a (47) 

(it  is  considered  that  the  correction  for  value  1 is  introduced). 

during  the  application/use  of  aanoaeters,  one  should  liait  the 
aaxiaua  values  of  pressure  froa  the  conditions  of  the  strength  of 
tubes.  The  liaiting  values  cf  the  pressure  by  which  are  destroyed  the 
glass  tubes,  are  given  in  Table  2. 

One  of  the  aethods  of  fastening  tubes  it  is  shown  to  Fig.  11. 
This  joint  works  well  to  25  kgf/ca*. 

The  application/use  of  liquid  aanoaeters  for  the  aeasureaent  of 
saall  pressure  differentials  (to  0.1  kgf/ca*)  is  coapletely 
justified,  since  as  working  fluid  can  be  applied  water,  alcohol  and 
kerosene. 

The  aeasureaent  of  large  pressure  differentials  with  the  aid  of 
liguid  aanoaeters  is  extreaely  undesirable,  since  for  a decrease  in 
the  size/d iaensions  it  is  cala  aanoaeters  is  is  coaaonly  used 
aercury.  The  pairs  of  aercury  are  haraful  and  are  caused  in  certain 
cases  the  heavy  poisonings  of  the  service  personnel. 


DOC  » 77233203 


PAGE 


Table  2. 

p 

Value  of  ultimate  pressure  in  kgf/cm  for  glass  tubes. 


«)  1 
* Tojuititxa  1 

f*1  BlIVTpeHHIlfl  AHAMCTp  Tpy6KM  B MM 

CTCMKII 

MM 

1 

1 

2 

3 

4 

5 

6 

7 

i 



310 

280 

| 

230 

220 

150 

140 

O 

570 

— 

340 

— 

330 

240 

220 

3 

560 

460 

420 

400 

— 

— 

230 

4 

— 

450 

— 

400 

310 

320 

280 

Ray:  .(1).  Hall  thickness  as.  (2).  Inner  disaster  of  tabs  in  nn - 
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Spring  pressure  valves. 


They  distinguish  three  forns  of  the  spring  pressure  valves: 
tubular*  aeabrane/diaphraga  and  bellows. 

On  Fig.  12*  is  represented  the  scheaatic  of  spring  tubular 
aanoaeter.  Spring  1 is  the  tube  with  oval  cross  section*  inside  which 
will  be  fed  the  neasured  pressure  through  branch  5.  During  the 
supplying  of  pressure*  oval  cross  section  atteapts  to  be  converted 
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into  circular,  spring  1 is  straightened  and  with  the  aid  of  buckling 
2 turns  gear  quadrant  3,  which  is  located  gear  4.  On  the  axis  with 
gear,  it  is  attached  r if leaan/gunner.  For  the  eliaination  of 
clearances  and  creation  of  interference  in  transfer,  the  axle/axis  of 
arrow/pointer  is  twisted  by  very  weak  cylindrical  spring. 

For  the  aanufacture  of  tubes,  are  applied  the  phosphor  bronze, 
brass  and  stainless  steel.  Are  aost  coaaonly  used  tubes  froa  the 
phosphor  bronze  - aaterial  sufficiently  strong  under  noraal 
conditions,  stable  against  corrosion  and  well  yielding  to  treataent. 

Steel  tubes  are  applied  in  aeasureaent  of  high  or  sharply 
changing  pressures.  Tubes  Bade  of  the  stainless  steel  are  applied 
during  pressure  aeasureaent  of  agressive  aedia. 

For  exaaple,  for  the  tubes  of  acetylene  aanoaeters  it  is  not 
possible  to  apply  the  aaterial,  which  contains  nore  than  7 Oo/o 
copper,  since  in  this  case  can  be  foraed  explosive  joint  - copper 
acety lide. 

The  tubes  of  the  aanoaeters,  intended  for  pressure  aeasureaent 
of  hydrogen,  aanufacture  froa  hydrogen-resistant  steel,  which 
contains  carbides  with  the  alloying  cell/eleients. 


DOC  * 77233203 


76 

PAGE 


Ob  the  aanoaeters,  intended  foe  the  aeasureaent  of  pressures, 
acetylene  and  so  forth,  are  aade  label  on  dial  - "oxygen", 
"acetylene",  etc. 

furtheraore,  aanoaeter  for  pressure  aeasureaent  of  acetylene  is 
Painted  in  white  color,  for  the  aeasureaent  of  pressure  - in  azure 
color,  for  pressure  aeasureaent  of  hydrogen  - in  dark  green  color, 
and  for  pressure  aeasureaent  of  aaaonia  - in  yellow. 
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Pig.  32.  Scheaatic  of  tabular  aanoaeter.  1 - spring,  2 - carrier,  3 - 
sector,  4 - gear,  5 - branch. 

Page  33. 

Hide  application  find  also  diaphraga  aanoaeters  (Fig.  13) . 
Pressure  pt  is  fed  to  housing  1,  closed  by  corrugated  diaphraga  2 
(are  applied  also  flat  diaaeters).  Diaphr aga/aeabrane  is  deflected 
through  the  transfer,  which  consists  of  strut  3,  carrier  4,  sector  5 
and  gears  6,  it  turns  the  showing  arrow/pointer. 

The  advantage  of  such  aanoaeters  is  low  sensitivity  to  buffeting 
and  ease  of  fabrication;  a disadvantage  of  then  is  the  increased 
sensitivity  to  a change  in  the  aabient  temperature.  The  diaphraga 
aanoaeters  are  aanufactured  for  pressure  neasureaent  within  limits  of 


J. 
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0.2^30  kgf/ca*. 

Foe  the  aeasurenent  of  saall  pressure  differentials  are  applied 
the  bellows  nanoaeters  (Fig.  14).  Pressure  pt  is  fed  to  housing  1 and 
coapresses  bellows  2.  The  deforaation  of  bellows  is  transferred  to 
gear.  The  arrow/poi nter,  which  sits  in  line  with  gear,  indicates  the 
value  of  the  aeasured  quantity.  The  bellows  nanoaeters  are  utilized 
for  the  aeasurenent  of  coaparative ly  saall  juap/drops  froa  0 to  5 
kgf/ca*. 

On  aircraft  and  at  experiaental  stations  wide  application  will 
obtain  electrical  renote- transaitt ing  nanoaeters.  This  is  coaaon 
spring  (aeabrane/d iaphraga)  nanoaeters,  with  reaote  electrical 
transaission  of  aeasuring  data.  To  Fig.  15,  is  given  the  scheaatic  of 
the  electrical  reaote- transnitting  aanoaeter,  used  during  pressure 
aeasurenent  of  fuel/propellant  and  oil. 


WHKmmmm 
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Fig.  13.  Schematic  of  the  diaphraga  aanoaeter.  1 - housing*  2 - 
diaphrag  a/aeabrane,  3 - strut*  4 - carrier*  5 - sector*  6 - gear. 

Fig.  14.  Scheaatic  of  the  bellows  aanoaeter.  1 - housing*  2 - 
bellows,  3 - sector,  4 - gear. 
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Hanoaeter  feeds  froa  aains  of  direct  current  with  stress  27  ♦ 
2.7  T.  The  receiver  of  aanoaeter  is  installed  on  engine*  and 
indicator  - on  instruaent  panel;  are  connected  they  with  the  aid  of 
wire/conductors. 


* 
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The  Measured  pressure  is  fed  to  the  bellows.  The  deforaation  of 
box  is  transferred  to  lever  4 on  which  is  attached  brush  5,  which 
slides  on  rheostat  ab.  Rheostat  ab  and  brush  are  included  ia  bridge 
circuit  of  logoaeter.  During  a change  in  the  resistance  R«  mad  R» 

(as  a result  of  the  aoveaent  of  brush  5)  the  current  strength  it  end 
i2  is  changed,  which  leads  to  change  of  the  Magnetic  flux  within  the 
fraaework  I and  II  and  rotation  of  the  needle  of  indicator,  connected 
with  aagnet  H. 

In  the  diagraa  of  logoaeter,  are  included  fixed  resistors  Bt  and 
Ri  and  tuning  resistance  r Baterials  of  the  coapensating  resistance 
R' 3 and  R"^  are  selected  so  that  the  wcrk  of  instruaent  does  not 
affect  the  teaperature  of  aediua. 


An  advantage  of  electrical  reaote-tr ansaitting  aanoaeter  lies  in 
the  fact  that  in  its  construction  do  not  enter  the  tubes,  which 
transait  pressure.  The  latter  coaplicate  installation  and  break  froa 
vibrations. 


The  kineaatic 
aanoaeter  is  shown 
the  sensor  through 
The  defora ation  of 
stock/rod  4 rocker 


pickup  circuit  electrical  reaote~transa itting 
to  Fig.  16.  The  Measured  pressure  will  be  fed  to 
branch  1 and  is  absorbed  by  diaphraga/a eabrane  2. 
diaphraga/aeabrane  is  transferred  with  the  aid  of 
12  tc  carrier  9 on  which  is  attached  brush  6. 


73 
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Brush  6 is  moved  on  rheostat-5,  as  a result  of  which  is  changed 
resistance. 

The  indicator  of  manometer  is  the  logometer  whose  kinematic 
diagram  is  shown  to  Fig.  17.  in  this  logometer  of  the  framework,  are 
fixed,  and  magnet  is  mobile.  Hagnet  1 is  made  from  the  alloy  of 
Alnico  and  it  is  fastened  on  the  axis  2.  Steel  axle/axis  2 concludes 
with  cores  5,  which  rest  on  bearing  and  step  bearing  12  of  the  stone. 
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^ /IpueumiK  da&fliHu*  & Sfxajame/rt 


Pig.  15.  scheaatic  diagraa  of  electrical  reaote-transaitti ng 
■anoaeter.  1,  2,  3 - the  contacts  of  teletransaission  and  aains,  4 - 
lever#  5 - brush,  ab  - rheostat,  R*ky  - the  variable  resistors  of 
rheostat;  Bt,  R2  - fixed  resistors,  r*  - tuning  resistance,  I,  II  - 
the  fraaevork,  B* 3 , B"  3 - coapensating  resistance. 


Key:  (1).  Pressure  receiver.  (2).  Indicator. 
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Hobile  aagnet  is  encircled  by  copper  daaper  11,  in  which  it  during 
oscillation/vibrations  excites  aoaents  of  resistance  froa  eddy 
currents. 


To  daaper  are  put  on  two  pairs  of  fraaework  9 and  3, 


1 
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arrange/located  at  an  angle  of  90°  to  each  other.  Peraaneat  aagnet  13 
serves  for  the  return  of  aobile  systea  to  zero  position  (with  the 
connected  current)  . The  parts  of  indicator  are  fastened  to  housing  8 
with  the  aid  of  struts  7,  passing  through  holes  in  daaper.  The 
housing.  Bade  froa  Permalloy,  closes  the  aagnetic  field  of 
instruaent. 


In  recent  years  in  laboratories  and  at  experiaental  stations 
will  win  acceptance  group  pressure  recording  gauge  - GRN-2 , aeasuring 
the  pressures,  tha  evacuation/raref act icns  or  pressure  differences  is 
siaultaneous  at  20  points;  the  peraissible  error  in  recording  part 
♦0.5o/o  of  the  liaiting  value  of  the  value,  aeasured  by  appropriate 
sensing  eleaent. 


The  liaits  of  aeasureaent  of  pressures  by  nanoneter  can  be 
different  depending  on  the  rigidity  of  sensing  elenents  - bellows.  As 
a rule,  in  one  instruaent  is  allow/assuaed  two  range  of  aeasureaents. 


Naziaun  capacities  for  a vacuum  gauge  froa  - 1 to  0 kgf/ca2,  for 
a pressure  and  vacuua  gauge  froa  - 1 to  *19  kgf/ca2  and  for  a 
aanoaeter  froa  0 to  20  kgf/ca2. 

Heasureaent  is  realize/accoaplished  by  the  autoaatic  spring 
cell/eleaents,  constructed  according  to  the  type  of  weights. 
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Fig.  16.  Kineaatic  pickup  circuit  electrical  reaote-transa itting 
■a none ter.  1 - branch,  2 - diaphraga/eeabrane,  3 - base/root,  4 - 
stock/ rod,  5 - rheostat,  6 - brush,  7 - plug-type  connector,  8 - 
brush  holder,  9 - carrier,  10  - axle/axis,  11  - spring,  12  - rocker 

Fig.  17.  Kineaatic  diagraa  of  logoaeter.  1 and  13  - aagnets,  2 - 
axle/axis,  3 - the  large  fraaevork,  4 - balancing  saall  weights,  S - 
cores,  6 - adjusting  screw,  7 - strut,  8 - housing,  9 - low 
fraaework.  10  is  a cap/cover  of  daaper,  11  - daaper,  12  - step 
bearing. 
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Page  36. 

The  aeasured  value  depending  on  its  character  will  be  fed  into  one 
(in  the  case  of  the  aeasureaent  of  pressure  or 

evacuation/rarefaction)  or  into  two  (during  the  aeasureaent  of  a 
juap/drop  in  the  pressures)  bellows,  which  convert  pressure  or 
evacuation/rarefaction  v.silu,  that  effects  on  lever.  This  force  is 
autoaatically  balanced  by  defornation  force  of  spiral  aeasuring 
spring.  The  aaount  of  the  defornation  of  measuring  spring  serves  as 
the  measure  of  the  aeasured  pressure.  Instruaent  consists  of  twenty 
differing  by  device  automatic  spring  cell/eleaents,  united  by  the 
common  drive  also  of  series  conaon/general/total  mechanisms. 

All  the  aeasuring  cell/eleaents  of  instruaent  are  mounted  on 
coaaon/general/tota 1 /ramewor k/bod y,  moreover  for  convenience  in  the 
use  they  are  assembled  into  two  groups  - on  ten  aeasuring 
cell/eleaents  and  to  one  mechanisa  of  recording  conditional  numbers 
in  each. 

Let  us  eiaaine  work  of  measuring  cell/elenent  GRH-2  (Fig.  18). 
The  measured  pressure  through  cutting  1 is  fed  to  bellows  2, 
•ntablish/installed  between  fixed  plats/bar  4 and  lever  3.  Because  of 
the  deformation  of  bellows,  the  lever  can  be  turned  about  elastic 
}olat  5.  Two  bellows  are  placed  in  instruaent  for  the 
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measurement  of  pressure  difference. 

Under  effect  of  pressure,  bellows  2 is  dilate/extended  and  is 
caused  the  displacenent/aoveaent  of  le»er  3.  At  the  end  of  lever  3, 
there  are  two  slide  contacts  6,  arrange/located  between  two  fixed 
contacts  7.  'A/hen  lever  3 is  located  in  equilibria,  contacts  are 
extended,  with  decrease  or  increase  of  aeasured  pressure,  the  lever 
differs  froa  state  of  equilibrium,  closing  one  or  another  pair  of 
contacts,  which  is  led  to  connection/inclusion  of  one  of  the  two 
electroaagnets  8.  Electromagnet  attract/tightens  plate  9,  attached  on 
the  housing  of  the  axle/axis  of  roller  10,  which  in  this  case  is 
introduced  into  the  friction  coupling  with  one  of  the  continuously 
rotary  disks  of  11  grojp  shafts  12.  The  direction  of  rotation  of 
roller  depends  on  that,  with  which  disk  it  is  engaged,  which  in  turn 
depends  on  connection/inclusion  of  one  of  the  two  electroaagnets. 
Group  shaft  is  given  to  rotation  by  engine  13  through  worm  gear  14. 

Roller  10  through  worn  gear  IS  rotates  the  cylinder  of  visual 
screw/propeller  16  and  screw/propeller  17.  During  the  rotation  of 
screw/propeller  17,  nut  18  is  moved  on  screw/propeller,  changing 
tension  of  measuring  spring  19  to  as  long  as  lever  3 it  will  not 

arrive  to  equilibrium  state,  and  contacts  6 and  7 it  is  not  extended, 

\ 

and  electromagnet  8 is  disconnect/turned  off. 


9! 
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The  greater  the  pressure  differential  in  bellows,  the  greater 
■ust  be  the  balancing  force  and  the  aore  the  revolutions  it  will  sake 
a screw/ propeller  to  the  equilibriua  of  lever.  The  nuaber  of 
revolutions  of  screw/propeller  proportional  the  pressure  differential 
in  bellows  serves  as  the  aeasure  of  this  the  pressure  differential. 

Thus,  at  work  of  instruaent  lever  3 always  is  supported  in 
equilibriua  state. 

I 
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roller,  11  - clutch  plates,  12 -group  shaft,  13  - electric  aotor,  14, 
15  - Mori  reducers,  16  - cylinder  of  visual  screw/propella r,  17  - 
screw/propeller , 18- nut,  19>aeasuring  spring,  20  - lever  with  leaf 
spring,  21  - thrust/rod,  22,  23  - spring,  24  - indicator  2 5y  26  — 

type  waves,  27  - spring,  28  - reducer,  29  - the  visual  scale,  30  - 
indicator,  31  - dial  face,  32  - the  knob/button  of  the  readjustaent 
of  conditional  nuabers,  33  - electroaagnet,  34  - electric  aotor,  35  - 
the  knob/button  of  the  start  of  the  printing  aechanisa,  36  - crank, 

37  - carriage,  38  - tape,  39  - paper. 


Page  38. 

For  sensitization  of  instruaent,  lever  3 is  equipped  by  the 
coapensator  of  rigidity,  which  consists  of  lever  20,  thrust/rod  21 
with  elastic  hinge  joints  and  spring  22  whose  tension  is  regulated. 
The  force  of  spring  22  is  transferred  to  the  aeasuring  lever  through 
the  thrust/rod  and  elastic  hinge  joints. 

In  position  of  equilibriua  of  lever  this  force  is  directed 
through  the  point  of  its  fluctuation  and  therefore  it  does  not 
disturb  balance.  During  the  deflection  of  lever  3,  position  of 
thrust/rod  21  changes,  due  to  which  force  direction  does  not  coincide 
with  the  axis  of  rocking.  The  appearing  tor que/aoaent  is  applied  to 
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lever  3 and  affects  to  the  side  of  its  deviation.  The  value  of 
torque/aonent  is  proportional  to  the  angle  of  deflection  of  lever. 

The  tensile  stress  of  spring  22  is  establish/installed  so  that  the 
torgue/aoaent  froa  the  coapensator  of  rigidity,  which  appears  during 
the  deflection  of  lever,  would  balance  total  torque/aoaen t of  all 
flexible  couplings. 

The  presence  of  the  coapensator  of  rigidity  raises  instruaent 
sensitivity,  since  for  displacing  the  lever  froa  position  of 
equilibriun  to  closing  of  contacts  is  necessary  very  low  force. 

Besides  aeasuring  spring,  to  lever  3 is  fastened  spring  23  with 
the  aid  of  which  is  created  preliainary  load  on  the  lever,  necessary 
in  the  case  of  work  of  instruaent  as  pressure  and  vacuun  gauge,  and 
is  regulated  zero  readings. 

Readings  at  the  necessary  aoaents  of  tine  are  recorded  by  the 
printing  of  the  sections  of  the  scales  and  indicators  with  paper 
tapes. 

Transaission  of  aeasuring  data  to  the  scales  of  recording  goes 
froa  screw/propeller  17.  on  the  cylinder  of  screw/propeller,  freely 
sit  the  indicator  24  and  type  waves  25  and  26  with  the  relief  scales, 
fiheel  25.  which  has  of  50  divisions,  is  held  by  spring  27  in  the 
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detent  of  screw/propeller  17  and  therefore  it  is  rotated  together 
with  it.  Type  wave  26,  which  has  twenty  of  divisions,  is  connected 
with  the  screw/propeller  through  reducer  28.  With  each  revolution  of 
screw/ propeller,  the  wheel  is  turned  to  one  division.  When  type  wave 
25  nakes  the  complete  revolution,  wheel  26  is  turned  to  one  division. 
Thus,  wheel  25  appears  as  the  vernier  of  wheel  26.  Indicator  24  with 
turning  of  screw/propeller  reiains  fixed. 

Besides  the  scales  on  type  waves,  the  instrument  has  visual 
scales  29  with  indicators  30  for  continuous  observation  of  the 
■easured  pressures. 

Sinultaneousl y with  the  measured  values  on  paper  tape  is  printed 
the  nunber  of  instrument  and  the  conditional  numbers,  which  designate 
the  numbers  of  measurement  and  mode/conditions,  the  time  of 
measurement  or  any  other  factor.  For  this  in  instrument,  there  are 
two  mechanisms  of  recording  numbers  with  visual  scales  31.  The 
mechamism  of  the  readjustment  of  conditional  numbers  is  included  in 
the  work  with  electrical  knob/buttop  32,  closing  the  circuit  of 
electromagnets  33. 


I 


Readings  are  recorded  by  the  special  mechanism  which  is  driven 
by  electric  motor  34  and  is  included  by  kmob/button  35.  Electric 
motor  34  is  set  in  motion  through  reducer  cranks  36,  connected  with 


J 
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carriage  37.  In  the  complete  revolution  of  cranks  the  carriage 
■atches  up  typical  wheels*  is  pressed  to  thea  coloring  tape  38  and 
paper  39*  and  then  rolls  it  over  wheels;  after  which  carriage  it  will 
wove  away  and  it  returns  to  initial  position.  As  a result  on  paper* 
reaains  the  iapression  of  the  scales  and  indicator. 

Page  39. 


Hethods  of  the  supply  of  pressure  to  nanoaeters. 


For  the  supply  of  pressure  froa  sensors  to  nanoaeters*  are  are 
ccaaoaly  used  copper*  rubber  and  plastic  tubes.  During  the 
aeasureaent  of  pressures  exceeding  3 kgf/cn*,  one  should  apply 
copper  tubes  with  soldered  or  nipple  connections.  Rubber  tubes 
connect  up  nanoaeters  with  the  aid  of  standard  joints.  Hhen  is 
aeasured  coaparati vely  large  overpressure*  is  recoaaended  the  part  of 
rubber  tube*  which  is  located  on  nipple*  to  bind  with  copper  wire 
(double  loop)  or  to  clasp  by  clasping  collar. 

During  the  aeasureaent  of  rarefaction*  coaaon  rubber  tubes  can 
stick  together  and  then  one  should  pass  to  vacuus  rubber  or  copper 
tubes.  If  in  the  systea  being  investigated  are  fluctuations  of 
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pressure*  then  then  it  is  possible  during  transfer  to  instrument  to 
decrease  by  the  start  of  capillaries  and  daaping  voluaes. 

It  is  completely  necessary  prior  to  the  beginning  of 
experiments*  and  also  after  their  conducting  to  check  the  measuring 
systems  of  pressure  on  airtightness.  Leak  check  should  be  carried  out 
with  overpressure  or  theevacuation/rarefaction*  greater  than  during 
ex  per  i me  nt  at  ion  . 

To  Pig.  19*  it  is  given  one  of  the  possible  diagrams  of  the 
constant  control  of  the  airtightness  of  the  measuring  system  of  the 
pressure.  During  testing  of  system  it  is  necessary  to  close  tap/crane 
1:  if  there  are  leakages  in  the  system  between  tap/crane  1 and  the 
manometer*  then  through  the  liquid  (tap/crane  2 is  opened*  pouring 
tap/crane  3 - is  closed)  they  will  begin  to  pass  gas  bubbles. 

In  the  case  of  overpressure  airtightness  can  be  tested*  vetting 
the  suspected  places  by  soap  vater  and  observing  the  behavior  of 
film. 


Accuracy/precision  of  measureaents  and  calibration  of  manometers 
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During  tests  of  VBD  liquid  manometers  they  do  not  usually 
calibrate.  The  accuracy  of  aeasureaents  is  determined  by  the 
introduction  of  the  corresponding  corrections  and  by  the  value  of 
pressure  differential. 


Pig.  19.  Diagraa  of  the  control  of  the  airtightness  of  the  systea  of 
the  measurement  of  pressure.  1 - the  gauge  cock , 1 - the  bypass  cock, 

3 - pouring  tap/crane. 

f 


} 


r 


-s-  » 
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Page  40. 

i 

The  spring  pressure  valves  calibrate  with  the  aid  of  the  control 
or  speciaen  spring  and  piston  gauges.  Fig.  20,  shows  the  scheaatic  of 
piston  press  for  the  calibration  of  spring  nanoaeters. 

Spring  nanoaeters  of  general  purpose  (working)  are  aanufactured 
of  five  classes  of  accuracy:  0.5,  1.0,  1.5,  2.5  and  4.  Control 
nanoaeters  serve  for  precise  aeasureaents  and  testing  of  working 
aanoaeters.  They  are  sore  precise  and  ace  produced  two  classes  of 
precision  - 0.5  and  1.0. 

Speciaen  spring  pressure  valves  serve  for  testing  of  control  and 
working  aanoaeters,  and  also  for  laboratory  aeasureaents;  they  are  ' 

produced  two  classes  of  precision  - 0.20  and  0.35,  i.e.,  an  error  of 
aeasureaent  coaprises  not  aore  than  ,*0.20  and  *0. 35o/o  of  the  upper 
liait  at  aabient  teaperature  ♦20»5°c. 


* 


Standard  piston  gauges  up  to  a pressure  of  50  kgf/ca*  provide 
the  accuracy  of  aeasureaents  with  error  not  aore  than  *0.01o/o  froa 
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the  Measured  pressure,  and  up  to  a pressure  of  250  kgf/CM*«  are  not 
■ore  than  jt0.02o/o  of  the  Measured  value* 
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Pig.  20.  Diagraa  of  piston  gauge.  1 - tbs  calibrated  aanoaeters,  2 - 
weight,  2 - plunger,  4 - reservoir  for  a liquid,  5 - piston,  6 - 
handwheel. 


Page  41. 

Specimen  piston  gauge  up  to  a pressure  of  50  kgf/ca*  provides 
the  accuracy  of  aeasureaents  with  error  not  aore  than  *0.020/0,  also, 
for  the  pressures  of  high  50  kgf/ca*  with  error  not  aore  than 
♦0.05o/o.  Speciaen  piston  gauges  are  used  extensively  for  the 
calibration  of  control  and  speciaen  spring  pressure  valves. 


— 


93 
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Aircraft  nanometers  give  an  error  cf  aeasureaent  not  aore  *30/0. 


2.  Teaperature  aeasureaent. 


By  practical  teaperature  scale  is  "International  practical 
teaperature  scale  1948",  accepted  IX  general  conference  on  measures 
and  weights.  This  scale  is  based  on  the  constant,  comparatively 
easily  reproducible  temperatures  of  the  phase  equilibrium  which  call 
standard  points. 

The  subsequent  conferences  will  introduce  some  changes  into  the 
teaperature  scale. 


X general  conference  on  measures  and  weights  (1954)  determined 
the  teaperature  scale  with  basic  standard  point  - the  triple  point  of 
water  to  which  corresponds  temperature  273.16°K.  The  triple  point  of 
water*  equilibrium  point  of  water  in  solid,  liquid  and  vapor  phase  - 
can  be  reproduced  with  error  not  aore  than  0.0001°C. 


XI  General  conference  on  measures  and  weights  (1960)  recoaaends 


as  additional  standard  point  the  solidification  point  of  zinc 
(419.505®C). 


?3. 
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Table  3 gives  given  data  on  the  absolute  accuracy  of  realization 
and  fidelity  of  the  practical  scale. 

It  is  accepted  at  present  that  the  deviation  of  the  values  of 
standard  points  fron  absolutely  precision  dial  cf  teaperatures  does 
not  exceed  ♦0.02°  at  -182.97°C,  ±0.10°  at  444.60°C  so  forth  (see 
Table  3). 
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Table  3.  The  standard  points  of  the  temperature  scale  at  the  pressure 

760  ■■  Bg. 


Key:  (1).  Standard  point.  (2).  Accuracy/precision  of  realization. 

(3).  Fidelity.  (4).  Measuring  aeter.  (5).  Boiling  oxygen.  (6). 
Thernoaeter  resist.  (7).  The  triple  point  of  water  (basic  standard 
points  (8).  The  saae.  (9).  Boiling  water.  (10).  Boiling  sulfur.  (11). 
Solidification  of  silver.  (12).  Theraocouple.  (13).  solidification  of 
gold. 


Q )PenepHa»  Tomca 

t 

°C 

ToBIIOCTb 
ocywecy 
Baeiimi* ) 

°c 

To^MOCTh  | 
ROCnpOII3- 
BcaeHMafoj 

°c  ■ 

IhMtpll- 

TejtbHMiL 

npntiopty} 

KnncHiic  KHCJiopojiaC/r) 

— 182.97 

±0.02 

±0,020 

Tcpmomctp 

conpnnin.iQr) 

Tpoitnan  TO'iKa  bo.in  (oc- 
iioniiaa  penepHas  TO'iKa)^) 

0.01 

— 

±0,0001 

To 

Kiuie line  Boai^jO 

100.00 

— 

±0.003 

' . = 

Kiineime  cepu  Qo) 

•1-M.60 

±0,10 

±0,005 

3aTBepjteaaHiie  cepcOpaQ1,) 

960,8 

— 

— 

TcpMonapa(0 

3aTBep«eBaHMC  aoaota^l')) 

1063,0 

±1 

±0,050 

. 

I 

Page  42. 

The  task  of  the  reproduction  of  standard  points  is  incomparably 
siapler  than  the  task  of  the  realisation  of  precision  dial  and,  as 
fault  froa  Table  3,  is  solved  in  tenperature  range,  large  0°C,  it  is 
considerably  aore  precise. 


r 
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The  eost  precise  theraoaetric  work  are  performed  with  the  aid  of 
the  gas  thermometers,  filled  by  hydrogen  and  heliua.  Their 
application/use  for  the  precise  aeasurements  of  teaperatare  is  based 
on  the  use  of  equation  of  Clapeyron  with  corrections. 

During  test  work  of  VRD,  are  applied: 

1)  liquid  theraoaeters  - for  the  aeasureaent  of  aabient 
temperature  on  stand; 

2)  aanoaetric  theraoaeters  - for  the  aeasureaent  of  the 
teaperature  of  oil  (is  rare)  ; 

3)  resistance  theraoaeters  - for  the  aeasureaent  of  the 
teaperature  of  air  during  the  analysis  of  entries  and  coapressors, 
oil  and  fuel/propellants; 

4)  thermocouple  - for  the  aeasureaent  of  the  temperatures  of 
gases  and  surfaces  of  the  parts  of  engine. 


Liquid  theraoaeters 
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Liquid  theraoaeters  are  very  siaple  and  are  characterized  by  the 
high  accuracy  of  aeasureaent. 

The  operating  principle  of  liquid  theraoaeters  is  based  on  the 
theraal  expansion  of  liquid  in  glass.  Therefore  teaperature 
aeasureaent  by  these  theraoaeters  is  reduced  to  observation  of  a 
change  in  the  visible  voluae  of  liquid,  (lore  frequently  are 
encountered  the  theraoaeters  of  two  basic  types:  (Pig.  21)  . 

Let  the  level  of  liquid  with  0°C  stand  to  scale  zeros.  During 
teaperature?  change  is  changed  the  voluae  of  liquid  and  glass 
reservoir  of  theraoaeter.  The  visible  expansion  of  liquid  av  is  equal 


to  a difference  in  the  expansion  of  liquid  AT*  and  of  theraoaeter 
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a)  b'** 

Fig.  21.  Theraoaeters.  a)  stick,  1 - thick-walled  capillary,  2 - 
reservoir,  3 - the  scale,  plotted/applied  on  the  surface  of 
capillary,  b)  with  the  inserted  scale.  1 - capillary,  2 - reservoir, 

3 - the  scale,  plotted/applied  on  plate  to  plate  froa  frosted  glass, 

4 - protective  clothing. 


Page  4 3. 


After  introducing  the  concepts:  the  coefficient  of  the  visible 
expansion  of  the  liquid 

««JL  dS 

V0  dt  ' 

of  the  coefficient  of  the  expansion  of  the  liquid 

1 dV 
V0  dt' 


The  properties  of  the  liquids,  used  for  filling  of  theraoaeters, 
ere  given  in  Table  4. 

J 

Mercury  thernoaeters  are  applied  for  the  aeasureaent  of 
teaperatures  to  750°C;  in  this  case  the  space  of  the  capillary  above 
aercury  is  filled  with  nitrogen  or  another  inert  gas,  which  has 
pressure  of  approxiaately  70  ata. 

ft 

Table  5 gives  corrected  values  of  the  coefficient  of  the  visible 
expansion  of  aercury  for  the  different  types  of  glass  froa  which  are 
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Manufactured  the  capillary  tubes  of  thermoneters. 

With  technical  the  precision  deteraination  of  teaperature  it  is 
desirable  to  load  theraoaeter  into  aediua  before  the  calculated 
division.  If  this  is  iapossible,  then  one  should  introduce  correction 
for  the  protruding  coluan. 
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table  4*  Properties  of  theraoaetric  fluids  with  760  aa  Hg, 

„ . . TeMnepaiypa  n °Cll) 

vHU11  KowMm-  T ^ 

a b')  uhcht  j>aTBepaeB«HH«  (fc)  KHnemm 


BewectBok)  lecicai  “"e"Tu  J 

T3 


jb ab. 


MeTHAOBbifl  cnMpT  CH3OH  > 0,001220  —93,9  —97,8  -(-6*1.2  -(-06, 0 
STHJiOBuit  citHpifo)  CjH5OH  ! 0.001100  —111.8  —117,3  +77,7  +78.4 


n«HT«H  (miCTuft^  CsHu  — —130.8  —147,5  +36,0  + 36.5 

Twyoa  Cr-  > CjHjCHj  0,001090  —92.4  —102  +102  +110.6 

Ptvtb  QV)  Hg  0.000181  —38,87  —38,87  +356.7  +356,7 


Kay:  (1).  Teaperature  la  ®C.  (2).  Sabstaaca.  (3).  Cheaical  for  aula. 
(4).  Coefficient  of  expansion  with.  (5).  solidification.  (6). 
boiling.  (7).  froa.  (8).  to.  (9).  Methyl  alcohol.  (10).  Ethyl 
alcohol.  (11).  Pentane  (pure/clean).  (12)'.  Toluene.  (13).  Mercury. 


Page  44. 


Fig.  22,  shows  the  scheaatic  of  the  setting  up  of  basic  (aeasuring) 
theraoaeter  in  tube  and  auxiliary  for  the  introduction  of  correction. 
Auxiliary  theraoaeter  holds  on  basic  by  rubber  clasping  collars  so 
that  the  reservoir  of  auxiliary  theraoaeter  would  be  the 
approxiaately  halfway  protruding  coluan  of  the  theraoaetric  fluid  of 
basic  theraoaeter. 


Fig.  22  0,  and  02,  indicate  zero  tberaoaeters.  During  the 
introduction  of  correction,  it  is  assuned  that  the  part  of 
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theraoaeter  tt  and  reservoir  have  teaperature  of  aediua  t ^ but  the 
upper  part  of  theraoaeter  t2  - t&  has  teaperature  (i. e-  the 

teaperature,  shown  by  the  auxiliary  theraoaeter). 

The  actual  teaperature  of  aediua  is  Jeter aiaed  froa  the  foraula 

t -r,*~  — *0  /rn\  . 

Foraula  (52)  - approxiaated,  since  a in  the  aajority  of  the 
practical  cases  it  it  is  possible  to  use,  if  value  a is  is  taken  at 


teaperatnre 


(,°C. 


Hanoaetric  ther aoaeters. 


Hanoaetric  theraoaeters  are  liquid,  steaa  and  gas.  The  scheaatic 
of  aanoaetric  theraoaeter  is  shown  in  Fig*  23.  Beservoir  (sensor  of 
theraoaeter)  1 to  60o/o  is  filled  by  the  easily  vaporizing  liquid  (by 
aethyl  ether,  aethylchloride  and  so  forth)  ; which  transaits  vapor 
pressure  capillary  tube  2 is  aost  frequently  filled  by  the  sane 
liquid. 

In  view  of  the  fact  that  between  the  teaperature  of  reservoir 
and  the  vapor  pressure  of  theraoaetric  fluid  there  is  no  direct 
proportionality,  the  scale  of  theraoaeter  proves  to  be  non  unifora. 
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Fig.  22.  Scheaatic  of  sotting  of  basic  a*d  auxiliary  thersoaeters. 


Table  5. 


(.OCopT  cienjia 

100 

*0 

U) 

XenMOMeTpHMecKHtt  le1" 

1,57- 10— « 

TTpMOMCrpHMeCKHH  59111 

1.64-10-4 

Kwfcll 

1,79- 10-4 

TepMOMeTpHMeCKHttv^/ 

roCT  1224-41 

1 ,S8-10~4 

Keys  41).  Typs  of  glass.  <2)  - Theraosetric.  (3).  Quartz. 


Page  45. 

As  a result  of  the  nuaber  of  the  shortcoaings:  the  insufficient 
strength  of  capillary,  low  accuracy/precision,  difficulty  of  repair, 
these  thersoaeters,  are  alaost  coapletely  displace/superseded 
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electrical. 


Resistance  ther nometers. 


The  operating  principle  of  resistance  thermometers  is  based  on  a 
change  in  the  elect  lical  resistance  of  sole  conductors  under  the 
effect  of  teiperature.  Sensing  elenent  whose  resistance  is  changed 
depending  on  teiperature,  is  connected  in  the  balanced  bridge  whose 
scheaatic  diagram  is  represented  in  Fig.  24. 

Sensing  elenent  of  thernoaeter  is  resistance  . During 
temperature,  change  the  value  of  resistance  changes,  which  is  led 
to  the  disequilibrium  of  bridge,  which  is  record/fixed  by 
galvanoaeter  G.  Dial  face  is  thoroughly  calibrated  into  °C. 
Feed/supply  of  instruaent  is  realize/accoaplished  from  battery  or 
another  source  of  direct  current. 

Resistance  thermometers  make  from  platinum,  copper,  nickel,  iron 
and  special  alloys.  It  should  be  noted  that  platinum  is  capable  to 
long  retain  its  physical  properties.  As  a result  of  which,  platinum 
resistance  thermometer  is  applied  for  interpolation  of  international 
thernometric  scale  within  limits  from  -180  to  660°C. 
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Fig.  23.  Schenatic  of  nanometric  theraoneter.  1 - the  sensor  of 
theraoneter,  2 - the  transaitting  tube,  3 - teaperature  indicator 
(aanoaeter) . 

Fig.  24.  Schenatic  diagram  of  resistance  theraoaeter  with  balanced 
bridge.  Rt , R2,  Rj  are  the  fixed  resistors.  r9r«  are  the  tria  drag,^ 
- the  resistance  of  sensing  eleaent. 

Page  46. 

Coaaunicat ion/connection  between  the  teaperature  of  aediua  t°c 
and  resistance  ^ ^ in  the  range  0 to  1100°C  with  high 
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accuracy/precision  is  establish/installed  by  the  equation 

Rioo  — Ro  \IOO  A‘l00\l00  VWl.6  )'  V ' 

in  which  constant  values  10,  lt#0,  • and  «r  thay  aca  datarsined 

experiaentally  froa  standard  points..  Here  R0  and  RIOO  resistance  at 
teeperatures  of  0 and  100°C. 

By  roughness  value  of  platinue  can  it  serves  the  relation  of 
resistance  Rioo/Ro:  £oc  platinue  of  the  brand  of  the  "fatra"  first 
class  Rtao/Ro  = 1. 389J0.0007. 


Copper,  utilized  for  resistance  theraoaeters,  has  large 
teaperature  drag  coefficient  (a  = 4.25«10~ *-4.28* 10"*|  and  aakes  it 
possible  to  detaraina  teaperature  resistance  accord  lag  to  the 
linear  equation 


#,-*0O  + «O- 


(54) 


Shortcoaings  in  copper  are  its  low  specific  resistance  (p  3 
0.017  Q*aa*/a)  and  the  oxidizability,  whit.ii  alt  the  field  of  its 
application/use  to  teaperature  of  150°C- 


nickel  possesses  high  teaperature  coefficient  (a  * 

6- 21 •10” *- 6. 34« 10“ 5) . However#  nickel  has  the  ccnplex  dependence  of 
teaperature  coefficient  on  teaperature,  what  is  essential 
shortconing. 
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Resistance  theraoaeters  and  the  lisits  of  the  seasured  by  thes 
teapecatures  ace  standardized  (GOST  6651-59)  and  given  in  Table  6. 

Pig.  25,  shows  a change  of  the  ratio  of  resistance  to 
resistance  Ra  depending  on  teaperature  for  soae  aetals. 

The  construction  of  the  receiver  of  resistance  theraoaeter  is 
given  in  Pig.  26. 
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Fig.  25.  Change  of  resistance  of  metals  depending  on  temperature.  1 - 
gland*  2 - nickel*  3 - copper*  4 - platinum. 


Table  6.  Capacities  of  temperatures  by  the  resistance  thermometers 

BTP*  STM  and  BTI. 


MaTepMAA 
•lyBCTMTCJhMorO 
^aeaaCNTa  , * 

TepwoMCTpav*  J 

yCAO*HO« 

odosMa* 

qpMHC 

TCpMOncrpa 

np *****  iantp«Hii« 

Teunepaiyp  » SC  Qj  J 

HAMMtHh* 

Tj? 

HanfoAh- 

1 5 

njmHiu(5) 

3Tn 

—200 

+500 

Men  O'' 

3TM 

-50 

+ 150 

Hwcejii^O 

3TH 

-50 

4-200 

Key:  (1).  Capacities  of  the  temperatures  in  °c.  (2).  Material  of 
sensing  element  of  thermometer.  (3).  The  conventional  designations  of 
thermometer.  (4).  smallest.  (5).  Platinum-.  (6).  Copper.  (7).  Nickel. 
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Shielding  tube  1 is  eade  fro*  the  stainless  steel,  heat-sa  nsitive 
eleaent  3 is  eade  froa  the  nickel  wire  with  a diaaeter  of  0.05  aa  and 
it  is  wound  around  aica  plate  4. 

Aviation  resistance  theraoaeters  work  froa  the  source  of  direct 
current  with  stress  27*2. 7c. 

Theraoelectr ic  theraoaeters. 

The  principle  of  teaperature  aeasureaent  by  theraoelectric 
theraoaeters  is  based  on  the  phenoaenon  of  theraoelectricity, 
unearthed  into  ftS8,  by  Russian  acadeaician  P.  Aepinus.  This 
phenoaenon  is  explained  to  the  facts  that  all  aetals  consist  of  the 
positively  charged  fixed  ions  and  the  free  negatively  charged 
electrons  which  can  be  likened  to  the  free  gas,  filling  the 
interaolecular  space. 

In  different  aetals  the  density  and  the  pressure  of  electron  gas 
with  the  sane  teaperature,  is  different.  If  we  weld  or  to  solder  two 
vires  A (copper)  and  B (platinua),  as  shown  to  Pig.  27,  then 


| 
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electrons  frcn  copper  wire  Hill  begin  to  transfer/convert  to 
platiaua.  Near  joints  1 and  2 copper  wire  Hill  be  loaded  positively, 
platinua  - is  negative.  Appearing  in  joints  1 and  2 electrons  of  one 
naterial  in  another  and  vith  certain  potential  difference  the  process 
of  the  transition  of  electrons  Hill  be  discontinued,  since  Hill  set 
in  dynaaic  equilibrium,  i.e.,  a quantity  of  outgoing  froa  this 
aaterial  electrons  it  Hill  becoae  egual  to  a quantity  of  those  Hho 
coae  in. 

If  ne  heat  joint  1 to  teaperature  of  t,  in  this  case  teaperatore 
t0  of  joint  2 it  Hill  reaain  constant/invariable  (t0  < t) , then  in 
the  circuit,  comprised  of  conductors  A and  B,  Hill  arise  current, 
i.e.,  circuit  it  Hill  becoae  the  generator  of  electric  poHer. 
Conductors  in  the  circuit  in  question  are  called  of  theraoelectrodes, 
and  their  joint  - thermocouples. 
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Fig.  26.  Receiver  of  resistance  thereoeeter.  1 - shielding  tube,  2 - 
isolation/insulation,  3 - heat-sensitive  cell/eleaent,  4 - aica 
plate,  5 - additional  resistance,  6 and  7 - packing,  8 - plug-type 
connector,  9 - branch. 


Fig.  27.  Theraoelectric  circuit. 


Page  48. 

As  will  show  nuaerous  experiments,  for  a theraoelectric  circuit 
is  correct  the  equatioa 

+eBA  (/,),  (55) 

where  EAB(t,tn)  is  thermal-  e.m-V  of  circait  ia  directi oa  of  flow 
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e4*(0  are  there a 1-  in  joint  1; 

esA (^o)  — tktrul-  io  joint  2 in  direction  of  flow  fro*  one 

■ to  ft, 


With  the  equality  cf  the  temperatures  of  both  joints  theraal- 
e,n\.?  M of  circuit,  it  is  equal  to  setor  i.e.;  if 

t-tf 

then 

EAa(t,to)^0. 

In  this  case 

eBA  ('„)=  -eA.(t0) 

and,  therefore,  eqaatioa  (55)  can  be  recorded  thus: 

£**(*.*•> -*«(*>“  *«(*•>•  <56) 

Equation  (56)  aakes  it  possible  to  deter aine  teaperature  of  t, 
if  are  known  theraal-eaf  of  circuit  and  teaperature  t0,  i.  e. , the 
teaperature  of  the  cold-soldered  joint.  Value  can  be  aeasured 

with  the  aid  of  pyroaetric  aillivoltaeter  or  potent ioaeter. 
Teaperature  t0  of  the  cold-soldered  joint  it  is  desirable  in  the 
process  of  aeasureaents  to  support  with  constant  and  strictly 
defined.  Best  of  all  joint  2 to  place  into  aediua,  having  teaperature 
•l  »t#»CTC,for  exaaple  into  water  with  Belting  ice. 

Raterials  of  theraoelectrodes  are  selected  so  that  value 

EAB^t*  fc0^  would  be  possibly  larger. 


//> 
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Thus,  the  aeasurenent  of  teaperature  of  t in  principle  is 
possible  with  the  aid  of  thernoelectric  circuit  (theraocouple) , 
depicted  on  Fig.  27. 

Quantity  galvanoaeter  in  circuit  thsrsal- V cun  be 
included  according  to  two  schematics  (Pig.  28).  la  the  first 
scheaatic  the  galvanoaeter  is  included  between  cold-soldered  joints  2 
and  3,  in  this  case  joint  1 will  be  hot  (see  Fig.  28a) . 

In  the  second  scheaatic  the  galvanoneter  is  included  in  the 
breaking  of  electrode  B,  then  in  circuit  joint  1 Mill  be  hot,  2 - 
cold,  and  3 and  4 - neutral  (see  Fig.  28b)  in  circuit  are  identical. 


J 
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Fig.  28.  Connection  aeasuring  neter  into  ther aoelectric  circuit. 
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Thermal- 


of  different  circuits  will  be  equal,  if  the 


total  resistance  of  the  corresponding  w ice/conductors  and  electrodes 
and  teaperature  of  cold  and  hot  junctions  of  these  circuits  they  will 
be  also  equal. 


In  fact,  the  circuit  on  Pig.  28a  consists  of  three  conductors  A. 
B,  C (presence  of  instruaent  does  not  change  the  correctness  of  the 
given  conclusion/derivation).  On  the  basis  of  the  second  law  of 
ther aody na aics  with  the  equality  of  teaperatures  tD  = t theraal-eaf 
in  circuit  is  equal  to  zero.  That  Beans  that  for  this  case  it  is 


possible  to  write: 


eAB  (0  + eK  (t)  + eCA  (/)=o 


~ eAM  (^»)- 


(57) 
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If  joint  1 has  tenperature  of  t,  and  joint  2 and  3 - tenperature 
t0#  then 

Eab(*<  ^o)  ~eAB  (0  ~\~eac  (*o)  + *ca  (*<>)•  * (58) 

lgac(*o)  + eCj,  (/„) 

After  substituting  of  foraala  (58)  the  value  of  the  an — Sr — — > 

from  foraula  (57),  we  will  obtain 

£«('.'o)-*aj(0-«aa<<o).  (59) 

As  is  evident,  foraalas  (56)  and  (59)  are  identical;  therefore 
it  is  possible  to  confira  that  theraal-  €■(*.  £ by  the  developed 
circuit,  shown  in  Fig.  28a  and  by  initial  circait  (Fig.  27)  are 
egual. 

For  the  circuit,  depicted  on  Fig.  28b,  is  correct  tha  egaality 

^ AB  V • *o)  * eAB  (0  H"  eBC  (*■)  + eCB  (*n ) + e BA  (^o)-  (50) 

After  taking  into  consideration  of  the  egaality 

*ac  (<«)*  -«cb('J  (61a) 

and 

eBAVo)~-eAB(to).  (61  Vb 

we  will  obtain 

EABV't>)=eAB(t)-eAa(tJ.  • (62) 

Thus,  and  the  circait,  given  in  Fig.  28b,  will  alno  prove  to  be 


cguivalent  initial  (see  Fig.  27) 
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It  can  sees  that  in  schematic  in  Pig*  28a  the  teaperature  of 
cold-soldered  joint  2 is  equal  to  t'D,  and  joint  3 is  equal  to  t0. 

Then 

£=e*a(*)+e*c(*o)  + eC/i  (*<>)•  (63) 

Page  SO. 

Deducting  equation  (63)  froa  (59),  we  will  obtaia 

EAB  ('.  t*)-E=eBA  (/„)  + eCB  (f0) + (4).  (64) 

After  taking  into  consideration  the  equality 

eA B (A>)  = «ac  (*o)  + eca  (*o)'  (65) 

instead  of  the  equation  (64) , let  us  record 

EABV,t9)-E=eAC(t'0)-eAC(t0).  (65) 

Siailar  expressions  can  be  obtained  also  in  the  case  of  the 
inequality  of  the  tenperatures  of  neutral  joints  3 and  4 in  scheaatic 
in  Pig.  28b. 

If  the  teaperature  of  the  cold-soldered  joint  of  circuit  a)  or 
b)  is  changed  and  it  will  becoae  equal  to  to,  then  theraal-  «•**.*. 
also  will  be  changed  and  it  will  becoae  equal  to 

Eab(( . io)  = EAB  (t,  t0)  ~ eAB  (t<*)~teAB  (to)-  (66) 

As  is  evident,  equation  (66)  aakes  it  possible  to  calculate  EAB(t, g 
oa  aeasured  value  EAB(t,t0)  and  correction  for  tbs  teaperature  of  the 
cold-soldered  joint t 


— (*<>)■ 


1 
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The  thermoelectric  circuit*  assembled  according  to  schematic 
(Pig.  28b)  * can  be  used  for  the  measurement  of  a difference  in  the 
temperatures. 


In  this  case  joints  1 and  2 are  hot  junctions,  a difference  in 
temperatures  of  which  is  determined.  Joints  3 and  4 become  cold* 
their  temperature  must  be  identical  (its  value  it  is  indifferent). 


Allowance  for  temperature  of  the  cold-soldered  joint  is 
determined  from  the  calibration  graph  of  thermocouple  (Fig.  29). 


Let  there  be  three  materials  A*  B and  C.  Let  us  compose  of  them 
three  thermocouples  AB*  AC*  BC»  For  these  thermocouples  are  accurate 
the  equalities: 


Eab  (*•  tt)=eAsW~eA»(U)'> 
E AC  (*•  *o)  =‘eAC  (0  — *AC  (^o)i 
E/)C  U»  *o)  = eBC  (0  eac  (*<>)• 


(67) 

(68) 
(69) 


After  taking  into  consideration  the  equation 

eAB  <g  eBc  (g+«M  (g 


and  after  naking  uncomplicated  conversions*  we  will  obtain 

Ebc  (*>  g * eba  (<•  g - Ec*  (70) 

This  eguatiom  makes  it  possible  to  conduct  the  calculation  of 
any  thermocouples  from  electrodes  B*  C*  D and  so  forth*  if  are  known 


1 
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to  theic  thermal-  e.rw.-Y.  relative  to  electrode  A,  which  is  called 
noraal.  As  noraal  t her aoelectrode  is  applied  cheaically  pure 
platinua. 

Work  of  theraocouple  and  the  capacities  of  the  teaperatures  to  a 
considerable  degree  depend  on  aaterials  of  theraoelectrodes; 
therefore  it  is  very  iaportant  correctly  to  select  then. 

Page  51. 

To  Materials  are  presented  the  following  reguireaents: 

1)  theraal-  with  an  increase  in  the  teoperature  aust 

increase  (it  is  desirable  - linearly)  ; 

2)  value  theraal-  C.  m • ^ aust  be  sufficiently  large; 

3)  the  coefficient  of  electrical  resistance  aust  be  ainiaua,  and 
electric  conductivity  high; 

4)  their  physicocheaical  properties  aust  not  change  under 
conditions  of  the  noraal  of  operation; 


5)  aaterials  aust  be  non-corrodible; 
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6)  aelting  point  nust  noticeably  exceed  that  which  is  measured; 

7)  naterials  of  theraoelectrodes  must  be  sufficiently  uniform- 

widest  use  received  thermocouples  from  metals  (nobles' precious 
and  ignoble),  but  for  the  measurement  of  high  temperatures,  sometimes 
are  applied  metallic  theraoelectrodes  paired  with  nonmetals,  for 
example,  tungsten* graphite. 

The  list  of  the  most  frequently  used  thermocouples  is  given  in 


Table  7 


)tcf 
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Fig.  29.  Introduction  of  correction  for  teaperature  of  cold-soldered 
joint.  et  - aeasured  eaf,  e'0  - value  of  eaf,  which  corresponds  to 
correction  for  the  teaperature  of  the  cold-soldered  joint,  e = e,  ♦ 
e'0  - total  eaf,  t'0  - the  teaperature  of  cold-scldered  joint,  t - the 
aeasured  teaperature. 

Key:  (1) . aV. 


Fig.  30.  Characteristics  of  theraocouples.  1 - Chroael-Copel.  2 - 
chroael-aluael,  3 - platinua-platinua-r hodiua. 

Key:  (1).  aV. 
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'I'&b/g,  ’7.  o- f-  dpp>  tca^ioi^  o -f  ^ b e f' ro oC,  c o p I*  , 


(l)Tepnonapa 

06jiacTb  npiiMeiieHimC 
°C 

HpHAMfl-HpilAHepOAIlft 

(^1)  ao  2000 

naaTHHa-naaTHHOpoAHtt(5^ 

0-f- 1450 

Xpoueab-ajiioMeJib  Cjs'1 

-2004-1200 

Xpoueab-Koneab 

-2004-800 

Meflb-KOHCTaHTaH^g  ^ 

-2004-350 

Key:  (1).  Thermocouple.  (2).  Field  of  application.  (3). 

Iridium-ir id i urn-rhodium.  (4).  to.  (5).  Platinum-platinum-r  hodi um. 
(6).  Chromel-alumel.  (7).  Chromel-Copel.  (8).  copper-const  anta n. 
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Pig.  30  gives  characteristics  of  soae  thermocouples,  used  during 
testing  of  VRD.  The  device  cf  thermocouples  is  described  in  the 
section,  dedicated  to  neasurenents  in  flows. 

The  scheaatic  of  the  generally  accepted  thernocouple  pyrometer 
is  represented  in  Fig.  31.  Thernocouple  1 is  connected  with 
instruaent  with  the  aid  of  juapers  2-4  and  3-5.  If  thernocouple  is 
aade  froa  cheap  aaterials,  then  wire/conductors  2-4  and  3-5  can  be 
aade  froa  the  sane  aaterials. 

If  the  theraoelectrodes  of  thernocouple  1 are  Bade  froa  precious 
aetalsi,  appears  the  need  for  the  juapers  which  one  should  sake  froa 
the  cheap  aaterials,  which  have  the  theraoelectric  characteristics, 
close  to  thorno-electrode  aaterials.  It  is  always  desirable  so  that 
the  teaperature  of  joints  2 and  3 will  be  identical. 

Joints  4 and  5 are  cold.  They  are  reaoved  froa  joints  2 and  3a 


j 


considerable  distance,  which  siaplifies  the  naintenance  of  their 
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temperature,  equal  to  each  other  and  to  constant  during  eiperiaent. 
Best  of  all  these  joints  are  innersed  in  test  tubes  with  oil,  and 
test  tubes  to  place  into  theraostat  with  aelting  ice.  If  it  is  absent 
lethal  dose,  then  the  cold-soldered  joints  can  be  loaded  into  vessel 
with  oil  (teaperature  of  which  is  checked),  and  during  processing  of 
aeasureaent  data  to  correct  for  the  teaperature  of  the  cold-soldered 
joints. 

For  the  aeasureaent  of  the  teaperature  in  large  quantities  of 
points,  are  applied  the  scheaatics  of  the  connection  of  theraocouples 
to  instruaent  with  the  aid  of  switch.  In  view  of  the  saallness  of  the 
current  of  theraocouples  (0.5- 1.0  aA)  all  wire/conductors  aust  be 
thoroughly  isolate/insulated.  If  the  scale  of  electric  aeasuring 
instruaent  is  graduated  in  degrees,  then  the  resistance  of  all 
pyroaeters  aust  be  identical.  Iapedance  aatching  is  aade  with  the  aid 
of  additional  resistance  6.  Instruaent  to  joints  4 and  5 they  connect 
by  copper  wire. 

For  the  calculation  of  theraocouples,  are  necessary  the  data  on 
aaterials  of  the  theraal  of  electrodes,  juapers  and  on  the  resistance 
of  instruaent.  Table  8 gives  soae  data  of  the  nost  widely  used 
aa te rials. 

Sign  before  the  value  theraoelectroaotive  force  indicates 
that  la  the  cold-soldered  joint  the  current  is  directed  ft  on  this 
aaterial  to  platinan. 
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Pig.  31.  Scheaatic  of  the  thecaocouple  pyroaeter.  1 - thermocouple, 
2-4,  3-5  juapers,  6 - additional  resistance,  7 - galvanoaeter. 


Page  53. 

Osing  data  by  Table  8,  it  is  possible  to  detecaine 

theraoelectroaotive  force  of  soae  thermocouples  and  possibility  of 
their  application/ use. 

Exaaple.  It  is  necessary  to  deteraine  theraoelectroaotive  force 
of  chroael-aluael  thermocouple  with  t = 100°C  and  t0  3 0°C,  if  they 
paired  with  platinua  develop  theraoelectroaotive  force 

£xn  OW  .<P)-  + 2,70 

fxn  (100*.0°J  - - 1 .38 

Key:  (1).  aV. 

Theraoelectroaotive  force  of  chroael-aluael  theraocouple  will  be 


Exk  (100* , O')  - £*n  (100* . 0*) - Ekn  (100* , <T)  - + 2,70 - (-  t .38)- 

- + 4,08  ntV. 
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Sign  indicates  that  in  the  cold-scldered  joint  the  current 
flows  f roa  chronel  to  alunel. 

For  the  aeasureaent  tLer aoelect roaot ive  force  of  ther aocouples, 
applies  aillivoltaeters  and  potentioaeters. 

Fig.  32*  gives  the  scheaatic*  which  elucidates  the  essence  of 
potentioaetric  (coapensating)  aethod.  In  this  scheaatic  resistance  R 
is  known*  and  source  of  current  B supports  current  I during 
aeasureaent  by  virtually  constant.  On  the  rheostat  slides  runner  b to 
which  is  connected  the  source  of  current  A and  one  claap  of 
theraocouple.  Null  instruaent  N P by  one  terainal  is  connected  and  to 
point  a*  but  another  to  switch  P with  the  aid  of  which  is  possible 
the  start  of  theraocouple  or  source  of  current  A. 
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Table  8.  Theraoelectroaotive  force  of  aetals  paired  with  cheaically 
pure  platinua  with  t * 100*C  and  t0  » 0*Cw 


HaMMCHOMHHC 

(jA 

06o3MaieHHe 

TeHntepuypa  npH- 
MCHCHHa  B #C 



(*<• 

Tep»io-».  a.  t. 

MCT1JMOB 

MJIH  COCTaB 

jM&ejib- 

Han 

'’fcpaTKO- 

upeMeH* 

Han 

Ml 

AmoMeiib 

95  M NI+5* 

1000 

1250 

-1,02+1,38 

Uojib(J)paM 

(AI+SI  + Mn) 

W 

2000 

2500 

r+0.79 

MOsjieso  (xhmm^gckh  qHCToe) 

Fe 

600 

.800 

+ 1.80 

Ko^TaHTaH 

Mi'ttb  (XHMHqeCKII  IHCTail) 

60 H Cu+40h  Nl 

600 

800 

—3,50 

56H  Cu+44H  Nl 

600 

800 

-4.00 

Cu 

350 

500 

+0,76 

nliaVifHa  .3KCTpa- 

Pt 

1300 

1600 

±0,00 

na^THHopofliifl 

90H  P1+10M  Rh 

1300 

1600 

+0.64 

riaiVttHOMpH  ahR 

90m  Pt+lOH  Ir 

1000 

1200 

+1.30 

Xp^iteab 

90*  NI+10H  Cr 

1000 

1250 

+2.7  + +3.13 

Key:  (1).  Designation  of  aetals.  (2).  Designation  or  coaposition. 

(3).  Teaperature  of  application/use  in  °C.  (4).  Theraoelectroaotive 
force  aV.  (5).  prolonged.  (6).  short-tern.  (7).  Aluael.  (8). 

Tungsten.  (9).  Iron  (cheaically  pure).  (10).  Constantan.  (11).  Copel. 
(12).  Copper  (cheaically  pure).  (13).  Platinua  "extra".  (14). 
Platinua-rhodiua.  (15).  Platinua-iridiua.  (16).  Chroael. 
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During  aeasureaent  of  theraoelectroaotive  force*  the  instruaent 


UP  by  switch  P is  included  in  the  circuit  ct  theraocouple  and  by 
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runner  b changes  the  resistance  of  circuit  until  pointer  of  HP  shows 
zero. 


It  is  obvious  that  in  this  position 

where  Bt  is  a resistance  of  section  ab; 

£t  - theraoelectroaotive  force  of  theraocouple. 

Then  by  switch  P connects  source  A*  and  by  runner  b they  again 
attain  zero  reading  of  NP.  For  this  case 

where  £a  are  eaf  of  the  noraal  cell/eleaent  A;  Rz  is  a new 
resistance  of  section  ab. 

Converting  obtained  equations  for  £T  and  £„,  let  us  find 
the  value  theraoelectronotive  force  of  the  theraocouple 

£t=£„^.  (71) 

This  aethod  provides  the  high  accuracy  of  the  aeasuraaent  of 
teaperature  and  is  found  a use  in  research  practice.  At  present  in 
research  and  plant  practice  are  used  extensively  autoaatic  electronic 
potemtioaeters. 
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Calibration  of  thermometers  and  their  accuracy/precision. 

The  calibration  of  resistance  theraoaeters  and  thermocouples  is 
produced  in  uater  or  oil  theraostats  or  at  the  high  temperatures  in 
tubular  electric  furnaces.  Fig.  33,  shows  thermostat  for  testing  of 
thermometers  in  the  temperature  range  from  5 to  300°c. 

For  the  good-quality  calibration  of  thermometers,  the  thermostat 
must  satisfy  a series  of  the  requirements: 

1)  the  temperature  field  of  thermostat  must  be  uniform,  with 
takeof f/run-up  it  is  not  more  than  0.5°C; 

2)  for  the  tine  of  two  readings  the  temperature  of  liquid  must 
not  be  changed  more  than  by  0.  1°C; 

3)  liquid  level  in  thermostat  during  the  conduct  of  calibration 
must  be  constant. 


During  calibration  as  controls  serve  the  specimen  mercury 
thermometers  of  the  first  or  second  class  with  scale  value  0.1 °C  in 
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range  fro*  -70  to  ♦102°C  and  0.2°C  in  range  froa  *98  to  30 2*C. 

In  readings  of  aercury  theraoaeter  during  calibration,  it  is 
necessary  to  correct  for  the  protruding  coluan. 
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Fig.  32.  the  schematic  diagram  of  potentiometer.  A#  B - current 
sources,  fT  - emf  of  thermocouple,  HP  - null  instrument,  b - 
runner,  P - switch. 

Page  55. 

Verif ication/check  in  the  range  of  minus  temperatures  produces  in  the 
ethyl  alcohol,  cooled  with  carbonic  acid  or  Freon. 

Setting  up  for  the  calibration  of  thermocouples  in  tubular 
electrical  furnace  is  shown  in  Fig.  34.  During  calibration  as 
control,  is  applied  the  specimen  platinumrhodium-platinum 
thermocouple,  which  has  evidence  of  the  committee  of  standards, 
measures  and  measuring  meters. 

The  temperatures  of  hot  junctions  of  control  and  calibrated 
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thermocouples  must  be  identical,  for  which  them  is  dipped  in  nickel 
block  possibly  nearer  to  each  other  and  at  identical  depth.  As  shows 
experiment,  the  difference  in  insertion  on  5-7  mm  is  led  to  a 
difference  in  the  temperatures  of  joints  in  7-10°C. 
Thermoelectromotive  force  of  thermocouples  measure  with  laboratory 
potentiometer. 


The  information  about  the  highest  accuracy  of  the  measurement  of 
temperatures  is  given  in  Table  3.  The  accuracy/precision  of  the 
thermometers,  used  during  tests,  can  be  different,  for  example,  the 
resistance  thermometer  TUE-48  for  the  measurement  of  the  temperature 
of  water,  oil  and  surrounding  air  has  a scale  from  -70  to  +150°C  with 
scale  value  10°C.  An  error  of  measurement  at  ncrmal  temperature  does 
not  exceed  ♦ 1.  5o/o. 


k 


Bf 
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Fig.  33.  Theraostat  for  graduation  of  theraoaeters  in  range  froa  5 to 
300°C.  1 - working  vessel,  2 - aetal  casing,  3 - theraal  insulation, 

4 - heater,  5 - aixer,  6 - the  drain  cock,  7 - rheostat,  3 - electric 
aotor.' 


Fig.  34.  Tubular  electric  furnace  for  the  graduation  of 
theraocouples.  1 - aetallic  block,  2 - rheostat,  3 - electric 
furnace,  4 - the  believed  theraocouple,  5 - speciaen  theraocouple,  6 
- coupling  (copper)  wire/conductors,  7 - theraostat  for  the 
cold-soldered  joints. 
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Page  56. 

one  ought  not  to  mix  the  accuracy/precision  of  thermometers  with 
the  accuracy  of  the  measurement  of  temperature,  since  in  the  practice 
of  aeasureaents  rarely  it  is  possible  tc  make  even  the  temperature  of 
the  sensor  with  the  teaperature  of  the  measured  medium.  The 
accuracy/precision  of  thermometer  is  determined  by  the 
accuracy/precision  of  measurement  of  teaperature  of  its  sensor. 


3.  fleasureaent  of  flows  and  expenditure/consuaptions. 


The  methods  of  flow  measurement  of  gases  will  receive 
considerable  development  for  the  latter  of  50  years  in  connection 
with  aeronautical  development  and  power  engineers.  In  the  OSSH 
extensive  work  on  pressure  units  and  temperature  gauges  in  flows  are 
carried  out  in  TsAGl  [[Central  Institute  of  Aerohy drod ynamics 

in.  N.  Ye  Zhukovskiy  (central  aerohydrody naaic  institute)  and  TsKTI 
(central  boiler  and  turbine  institute). 
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Measurement  of  the  temperature  of  flow. 


To  measure  the  temperature  of  the  liquid,  which  moves  at  low 
speed,  comparatively  is  simple.  Fig.  35,  shows  an  example  of  the 
setting  up  of  the  receiver  of  resistance  thermometer  for  the 
measurement  of  the  temperature  of  oil.  For  an  increase  in  the 
accuracy  of  the  measurement  of  ..he  wall  of  channel,  it  is  necessary 
to  heat-insulate,  and  receiver  to  arrange  to  the  towards  incident 
flow. 


Precise  measurement  of  the  temperature  of  the  fast-moving  hot 
gases  is  among  of  complex  experimental  tasks.  At  the  speed  of  flow  to 
50  m/s  of  the  temperature  of  the  quiescent  and  driving  gas,  they  can 
be  considered  identical.  During  motion  at  larger  gas  velocity,  is 
braked  in  heat  receiver  and  its  temperature  is  raised. 


J34 

DOC  = 77233205  PAGE  -XI 


Pig.  35.  Setting  up  of  receiver  of  resistance  tberaoaeter  in 
oil~piping  layer.  1 - the  receiver  of  theraoaeter. 

Page  57. 

The  temperature  of  the  adiabatically  stagnant  flow  (i.e.iVith,  absence 
of  heat  exchange  between  the  zone  of  aeasureient  and  the  surrounding 
space)  is  calculated  according  to  the  foraula 


Tl  = T- 


Ac'- 


Ig'p 


(72) 


where  rj  is  teaperature  of  the  adiabatically  stagnant  flow;  T - 
the  teaperature  of  the  driving  gas;  A is  the  heat  equivalent  of  the 
aechanical  work 

Key:  (1).  kcal/kg— a. 
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g - the  acceleration  of  gravity  c,  ia  heat  capacity  of  gas  at  a 
constant  pressure;  c - gas  velocity. 


In  actuality  always  occurs  heat  exchange  with  the  surrounding 
space..  To  account  for  heat  exchange  with  the  environnent  and  the 
account  of  the  inconpleteness  of  braking*  is  introduced  the 
teaperature  recovery  factor  of  r;  then  fornula  (72)  of  signs  the  forn 


T*  = T+r 


Ac* 


2 gcP 


(73) 


Teaperature  recovery  factor  r is  deternined  by  the  expression 


T*  — T 


K-T 


(74) 


In  fornula  (73)  it  is  possible  to  introduce  criterion  B: 


Af*) 


(75) 


The  theoretical  nethods  of  deteraining  value  r do  not  exist  and 
therefore  recovery  factor  is  deternined  experimentally.  To  the 
teaperature  of  flow  300°c,  value  r in  essence  is  deternined  by  the 
degree  of  braking  flow  in  the  zone  of  sensing  elenent. 


I 


The  t hernocou pie,  placed  into  flow,  enits  heat  to  its 
surrounding  walls  of  channel,  which  have  lower  teaperature.  As  a 
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result  of  eaission/radiation  the  teaperature  of  theraocouple  proves 
to  be  less  than  the  teaperature  of  its  Hashing  gases. 

Let  us  exanine  the  question  concerning  the  heat  exchange  of 
theraocouple  with  the  environaent  (Pig.  36).  let  us  assuae  that 
shield  2 teaporarily  is  absent.  Let  T,  be  teaperature  of  the  nails  of 
tube*  Tj  - the  teaperature  of  ther aocouple,  y*  - the  teaperature 
of  the  adiabatically  stagnation  gas. 

A quantity  of  heat,  obtained  by  theraocouple  froa  gases,  is 
deterained  by  the  expressioa 

Q.— (76) 


nhere  a is  a heat-transfer  coefficient  froa  gas  to  theraocouple;  P3 
is  a surface  area  of  the  theraocouple,  receiving  heat. 


Fig.  36.  Schematic  of  shielded  thermocouple.  1 - the  wall  of  channel, 
2 - shield,  3 - heat  receiver. 

Page  58. 

In  tr imaed/steady- state  a quantity  of  heat,  received  by 
thermocouple,  equal  to  the  sum  radiant  heat,  scattered  by 
thermocouple  to  the  walls  of  channel,  and  the  heat,  abstract/removed 
on  thermocouple  and  its  housing. 

A quantity  of  radiant  heat,  loosened  by  thermocouple,  is 
determined  from  the  formula 

where  e im  given  emissivity  factor;  Ca  is  a radiation  factor. 


Magnitude  of  given  emissivity  factor  is  determined  by  the 
expression 
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where  «,  is  enissivity  factor  ol  thermocouple;  «,  is  a relative 
radiation  factor  of  canal  surface;  Ft  is  the  surface  of  the  wall  of 
channel,  which  takes  part  in  heat  exchange  with  theraocouple. 

Ratio  Fj/P,  is  close  to  zero  and  therefore 

Q-Co^[©4-S)1-  (79) 

In  fornulas  (77)  and  (79)  C0  = 4.9  kcal*a**h«°K4,  and  value 
depends  on  aaterial,  state  of  its  surface  and  tenperature.  For 
example,  for  a platinua  wire  «3  » 0.07-0*  182  at  tenperature  of 
225-1375°C  for  gland  e3  * 0.08-0.13  in  the  range  of  teaperatures 
1000— 1400°C. 

Accepting  equality  QH=Qn  nnd  disregarding  the  heat,  diverted 
on  thernocouple  and  its  housing,  we  will  obtain 

The  exaaination  of  foraula  leads  to  the  conclusion  that  value  T* 
that  is  nearer  to  T‘,  than  is  less  in  sore  than  a and  is 

nearer  than  t(  to  Ta.  Value  «s  it  is  ispossible  to  affect  in 
practice. 
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An  increase  a can  be  obtained  by  an  increase  in  the  velocity  of 
the  flow  about  the  heat  receiver.  Last/latter  it  is  possible  to 
achieve  by  aeans  of  the  suction  of  the  gases,  which  surround 
theraocouple.  This  aethod  is  too  coaplex  and  usually  they  resort  to 
other  - to  the  aethod  of  shielding.  Baking  it  possible  to  draw 
together  the  teaperatures  of  theraocouple  Ts  and  of  gases  T\. 

Page  59. 

If  we  between  the  wall  of  channel  1 and  theraocouple  3 place 
shield  2 (Fig.  36)  , then  its  temperature  T3  will  be  above  than  the 
teaperature  of  the  cooled  wall  of  channel  1,  which  will  lead  to 
lowering  of  the  losses  by  theraocouple.  Usually  the  shields  of 
tberaocouples  design  so  that  they  are  at  the  sane  tiae  and  the 
chaabers  of  braking,  i.e.,  by  the  chaabers  in  which  the  gas  washes 
tberaocouples  at  the  lowered/reduced  velocity. 

To  evaluate  the  effect  of  shielding  on  the  value  of  the 
aeasuring  error  of  teaperatures,  let  us  exaaine  an  exaaple.  Let  the 
theraocouple  show  teaperature  Tj  = 1073°K,  and  the  toaporaturo  of 
wall  la  equal  to  Tt  = 773<>k,  a * 200  kcal*h«a>  *<>K  and  C.e 3=4,22. 

Thoa  7^ — 7j-*204° C,  i.e.,  aeasuring  error  proves  to  be  very  large. 


)4c 
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Setting  of  the  shield  2 reduces  the  difference  to  37°C, 

i. e. , aeasuring  error  to  decrease  5.5  tiaes.  Further  decrease  in  the 
error  can  be  obtained,  after  introducing  the  theraal  insulation  of 
the  vails  of  channel  and  the  second  shield.  Daring  the  aeasurenent  of 
the  teaperature  of  hot  flows  (having  T\>  600°  K)  the  basic  source 

of  errors  is  the  heat  exchange. 

Let  us  exaaine  construction  and  the  results  of  the  tests  of  soae 
theraoaeter  bulbs. 

For  braking  of  flow  about  thernocouple,  are  applied  the  chaabers 
of  the  brakings  in  which  the  theraocouple  is  furnished  along  flow 
(horizontal  chaaber  of  braking)  or  perpendicular  to  the  incident  flow 
(the  vertically-operated  caaeras  of  braking).  Fcr  the  aeasurenent  of 
teaperature  fields,  are  applied  the  coabs,  which  represent  by  itself 
several  theraocouples,  arrange/located  in  the  deterained  places,  in 
cne  housing. 

Fig.  37,  depicts  heat  receiver  with  the  vertically-operated 
caaera  of  braking  and  is  shown  a change  in  the  teaperature  recovery 
factor  of  r depending  on  the  rate  of  flow  (X)  and  of  the 
relationship/ratio  of  the  intake  areas  and  chanter  salt  (K=FtuljF%%) . 
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Characteristic  for  this  heat  receiver  is  coaparatively  saall  change  r 
in  the  speed  of  flow. 


Heat  receiver  for  the  aeasureaent  of  the  tenperature  of  flow  at 
rates  to  H - 1.2  is  shown  in  Fig.  38.  Theraoelectrodes  are  insulated 
with  the  aid  of  porcelain  tubes.  The  relationship/ratio  of  areas  K 
for  this  heat  receiver  is  egual  to  0.2. 


are  nost  coaplicatedly  arranged  the  heat  receivers  of  precise 
(controls)  theraocouples.  As  an  exaaple  Pig.  39,  gives  the 
construction  of  control  heat  receiver,  the  special 
feature/peculiarity  of  this  heat  receiver  is  the  presence  of  four 
shields  fron  which  internal  is  ceranic.  The  parts  of  receiver,  washed 
by  hot  flow*  are  nade  fron  heat-resistant  alloy. 

Fig.  40*  shows  the  construction  of  the  sensor  TGZ-47  for  the 
aeasureaent  of  the  tenperature  of  the  stagnation  gases. 

Page  60. 

Yheraocouple  is  aade  fron  nickel-cobalt  alloy  (MK)  and  special 


aluael  (SA).  The  distinctive  special  feature/peculiarity  of 
theraocouple  of  the  alloys  NK  and  SA  lies  in  the  fact  that 
theraoelectroaotive  force  appears  with  a difference  in  teaperatures 
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t> t0  300°c,  thanks  to  which  in  work  with  this  thermocouple  virtually 
there  is  no  need  to  correct  for  the  temperature  of  the  cold-soldered 
joint.: 

Theraocouple  2 from  tube  3,  aade  froa  heat-resistant  steel,  is 
isolate/insulated  by  ceraaic  tube  4.  The  housing  of  theraocouple 
establish/install  by  intake  1 by  diaaeter  of  3 aa  to  towards  gas 
flow;  gas  at  low  speed  washes  therao junction  2 and  eaerges  through 
hole  12  by  diaaeter  of  0.8  aa.  flexible  hose  10  protects 
wire/conductors  froa  breakage.  Jumpers  they  connect  to  contacts  11. 
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Pig-  37-  Characteristic  of  heat  receiver  with  the  vertically-operated 
caaera  of  braking. 


Pig.  38.  Theraoaeter  bulb  for  the  aeasureaent  of  the  teaperature  of 
flow. 


Pig.  39.  Construction  of  control  heat  receiver. 
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Pig.  40.  Construction  of  the  heat  receiver  TGZ-47.  1 - intake,  2 - 
thermocouple,  3 - tube,  4 - ceramic  tube,  5 - tcmmy,  6 - nut,  7 - 
housing,  8 - ceramic  shoes,  9 - nut,  10  - flexible  hose,  11  - 
contacts,  12  - outlet. 


Page  61. 

independent  of  construction  all  heat  receivers  must  pass 
calibration  at  special  settings  up.  One  Of  the  possible  installation 
diagrams  for  the  calibration  of  heat  receivers  in  high- temperature 
flow  is  shown  in  Pig.  41.  The  calibrated  and  control  of  thermocouple 
alternately  (with  the  aid  of  coordinate  spacer  apparatus)  they 
establish/install  in  one  and  the  same  point  of  flow  at  the  nozzle 
outlet,  (lode /conditio ns  must  be  kept  constant/invariable  during  3-5 


/*(r 
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■in.  for  the  exception/elin ination  of  the  effect  of  inertness. 

Pressure  aeasureaent  of  flow  and  its  velocity. 

During  testing  of  aggregate/units  of  VRD,  usually  it  is 
necessary  to  aeasure  the  pressures  of  the  driving  liquids;  in  this 
case  static- pressure  probe  can  be  the  hole,  aade  in  the  wall  of  the 
tube  along  which  flows  the  liquid.  The  total  pressure  aeasures  with 
the  tube,  placed  by  hole  towards  to  flow. 


Let  us  exaaine,  as  it  is  possible  to  deteraine  the  speed  of  the 
subsonic  flow  of  gas  with  the  aid  of  the  coabined  tube.  In  the 
coabined  tube  (Fig.  42)  with  pitot  tube,  serves  central  hole  1,  and 
by  static- pressure  probe  - hole  2.  Braking  in  subsonic  flow  occurs 
according  to  the  law  of  the  reversible  adiabatic  curve  and  the 
■ensured  pressure  p*  is  the  pressure  of  isentropic  braking. 


i 
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Fig.  41.  Installation  diagram  for  the  calibration  of  heat  receivers. 

1 - sect,  2 - precoabustion  chamber,  3 - thermocouple  for  aaintaining 
the  aode/conditions,  4 - control  thermocouple,  5 - the  tested 
thermocouple,  6 - thermostat,  7 - potentiometer,  8 - switch,  9 - 
manometer,  10  - coordinate  spacer. 

Page  62. 

Inlets  2 are  furnished  at  this  distance  that  the  received  by  them 
pressure  wculd  be  egual  to  static  pressure  p of  the  incident  flow.  If 
are  known  p and  p*,  then  X of  flow  is  calculated  according  to  the 
known  formula 
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where  k is  an  adiabatic  index,  or  it  is  deterained  with  the  aid  of 
gas-dynaaic  tables. 

At  known  teaperature  of  stagnation  the  critical  speed  is 
deterained  froa  the  expression 

<*«p=|/  ~gkRT*,  (82) 

and  the  speed  of  flow  is  found  by  the  foraula 

c = Ka.  (83) 

The  speed  of  supersonic  flow  deterainea  also  by  the  coabined 
tube.  But  in  this  case  the  holes  of  2 tubes  are  furnished  so  that 
aeasured  by  then  the  pressure  p would  be  equal  to  the  static  pressure 
of  flow  to  the  noraal  shock  according  to  the  law  of  which  occurs  the 
braking. 


Then  X flow  calculate  according  to  carve/graph  or  to  the  tables 
of  the  gas-dynaaic  functions: 


ft-  l 


ft  + l 


)(' 


ft-  l j_\*  ~ 1 
ft  + 1 *2  ' ’ 


(84) 


where  p - static  pressure  in  flow  to  shock  wave;  p*  - the  total 
pressure  after  shock  wave. 


For  the  aeasureaent  of  the  total  pressure  in  flow,  it  is  aost 
convenient  to  utilize  the  receivers,  which  possess  weak  sensitivity 
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to  aisalignnents.  Pig.  43  and  44,  shows  construction  and  receiver 
responses,  virtually  which  does  not  distort  the  total  pressure  daring 
the  deviation  of  velocity  vector  fro*  the  axle/axis  of  receiver  of 
angle  to  25°. 

An  error  of  ueasureaent  of  the  total  pressure  is  estiaated 
according  to  the  fornula 

A/>=£an£!L.ioo,  (85) 

Po  ' ' 

where  p0  is  the  pressure,  measured  in  the  absence  of  aisalignaeat;  Pn 
is  the  pressure,  by  reading  instrument. 

the  airflow  or  gas,  which  takes  place  through  the  engine,  in 
different  cross  sections  has  the  different  total  pressure. 
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Fig.  42.  Schematic  of  combined  tube.  1 - pitot  tube,  2 ~ 
static-pressure  probe. 

Page  63. 

Therefore  for  explaining  the  picture  of  the  losses  of  pressure  and 
determination  of  the  speeds  in  flow,  is  establish/installed  a 
considerable  quantity  of  pitot  tubes. 

rig.  45,  shows  an  exanple  of  the  setting  up  of  pitot  tubes  on 
the  edge  of  stator  blade,  during  the  neasurenent  of  the  total 
pressure  of  hot  gas  (for  exanple,  at  the  nozzle  outlet  of 
TR PF  ^turbojet  engine  with  afterburner])  applies  cooled 
nultipoint  pitot  tubes  (conb) . 


Static  pressure  of  the  flow  of  gas  aeasures  both  on  the 


/& 
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boundary/interface  of  flow  and  in  its  cross  sections,  the  aeasureaent 
of  static  pressures  on  the  boundary/inter f ace  of  flow  produces  with 
the  aid  of  the  holes,  drilled  in  the  walls,  which  liait  flow.  As 
showed  experiaents,  saall,  to  10°  slope/inclination  of  the  axle/axis 
of  hole  to  wall  does  not  affect  the  accuracy/precision  of  readings. 
The  diaaeter  of  the  drilled  holes  usually  lie/rests  within  liaits 
0.3- 1.2  aa.  The  edges  of  holes  aust  be  pure/clean,  without  projecting 
edges. 
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Fig.  43.  Pitot  tube  vitb  duct. 


Fig.  44.  Receiver  responses  of  the  total  pressure  with  duct. 
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Static  pressure  in  the  cross  section  of  flew  aeasures  either 
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with  the  already  examined  combined  tubes  or  special  static-pressure 
probes. 

Fig.  46,  shows  needle  receiver  for  the  aeasureaent  of  static 
pressure  and  is  given  its  characteristic  on  X,  i.e.,  the  dependence  Anp 
(instruaent)  on  X (flow)  with  d - 5 aa,  6-5  aa. 

The  scheaatic  of  the  coabined  receiver  for  the  aeasureaent  of 
coaplete  and  static  pressures,  and  also  its  characteristic  are  shown 
in  Fig.  47.  As  can  be  seen  froa  figure,  in  this  receiver  it  will  be 
possible  to  obtain  linear  characteristic  in  all  range  of  change  X. 


During  testing  of  nozzles,  turbines  and  the  coapressors  when  it 
is  undesirable  to  encuaber  cross  section,  teaperature  and  the 
pressure  of  flow  it  is  possible  to  aeasure  with  the  aid  of  one 
rearrangea ble  coordinate  spacer  apparatus  of  receiver. 


OCC  * 77233205 


/S-3 

PAGE  -45 


Pig.  45.  Setting  up  of  pitot  tubes  on  the  edge  cf  the  blade  of  guide 
device.  1 - the  tube  of  the  total  pressure,  2 - the  housing  of 
receiver,  3 - blade. 


Key:  (1).  Receiver.  (2).  Cut/section  on  receiver. 


Fig.  46.  Needle  static- pressure  probe. 
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Coordinate  spacer  apparatus  - the  aechanisa,  which  wakes  it 
possible  to  establish/install  receiver  to  necessary  position  and  to 
record  this  position  in  rectangular  or  polar  coordinates.  The  drive 
cf  coordinate  spacer  apparatuses  can  be  annual  cr  electrical. 
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Neasureaent  of  flow  direction. 


Plow  direction  can  be  deterained  by  silk  filaaent  or  the  aras* 
placed  into  flow.  However*  this  deteraination  of  direction 
inaccurately  and  is  soaetiaes  inpossible  due  to  the  severe  vibration 
of  direction  Barker. 

In  the  practice  of  tests*  is  applied  the  pneuaoaetric  aethod  of 
deteraining  the  direction  of  speed.  Fig.  48*  shows  the  scheaatic  of 
the  pneuaoaetric  receiver*  which  allows  a wore  accurately  in 
coaparison  with  visual  aethods  to  deter aine  flow  direction  in  plane, 
and  is  given  its  calibration  curve. 

On  the  axis  of  abscissas*  is  deposit/postponed  value  N of  flow* 
while  on  the  axis  of  ordinates  - derived 

* ( o P\—  Pt\ 
da  \ (C*  )' 

I 

where  p(  and  p*  are  pressures  in  tubes  1 and  2;  p is  gas  density;  c 
is  speed;  a is  a rake  angle. 


j 
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To  use  this  graph  is  possible  as  follows..  Let  p = 0.114  kgf 
s*/»S  o « 170  a/s,  H ■ 0.5;  through  curve/graph  find 

—(2  €LZ£l\ — 0,0374 

da  V pc3  / 

After  substituting  appropriate  values  for  p isi  z , «e  sill 

obtain 

da=-L-d(  2^2.). 

0,0374  \ f«a  / 


If  the  difference 

d(P\  — />,)=60  kT/m *, 


then 

A«*l\ 

The  given  ezasple  shows  that  by  pneusoaetric  receiver  it  is 
possible  to  detersise  flow  directions  with  sufficient 
accuracy/} rec  is  ios . 
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Measurement  of  the  fluid  flow  rate  and  gases  by  throttle  instruments. 


For  the  neasureaent  of  the  expenditure/consumption  of  the 
stationary  fluid  flows  and  gases,  are  applied  throttle  instruments  ~ 
diaphragm  and  nozzles.  Let  us  examine  operating  principle  and  the 

or  gas  in  throttle  device  in  an 
in  Fig.  49. 


character  of  the  flow  of  liquid 
aple  of  the  diaphragm,  shown 
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and  its 


Fig.  49.  Schenatic  diagran  of  throttle  instrunent  (diaphragn)  and 
distribution  pressure  along  the  length  of  channel. 


Page  67. 

Let  us  exaaine  the  flow  of  gas  on  section  1-2.  As  is  evident,  in 
cross  section  1 current  gas  coapletely  fills  tube,  with  approach  to 
diaphragn  and  after  diaphragn  it  is  possible  to  separate  two  fields  - 
the  field  of  jet  and  the  field  of  circular  eddy/vortex;  noreover  eddy 
region  after  diaphragn  is  considerably  aore  than  to  diaphragn.  As  a 
result  of  contraction  before  the  diaphragn,  the  gas  is  accelerated  in 
axial  and  radial  directions,  which  is  led  to  the  appearance  of  the 
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corresponding  pressure  differentials. 

Change  in  the  pressure  on  the  wall  of  tube  by  represented  solid 
line,  and  pressure  along  the  axis  of  jet  - broken.  The  presence  of 
radial  pressure  differentials  will  entail  the  shift  of  narrowest  jet 
cross-sect ional  area  P2  into  field  behind  diaphraga.  The  phenomenon 
becomes  complicated  by  the  presence  of  forces  of  friction  on  jet 
boundaries. 


Let  us  examine  the  simplified  theory  of  throttling  device  for  an 
incompressible  flow.  Let  cn  section  1-2  there  is  no  friction,  then  is 
correct  the  equation  of  D.  Bernoulli 


. .3  . >3 

Pi__L  il  — ^4.!L 
7 + 2 g 7 + 2 g ’ 


(86) 


where  c*2  - ideal  velocity  in  the  absence  of  friction  (remaining 
designations  are  given  in  Fig.  49). 


Proa  the  equation  it  follows  that 

(87) 

The  value  of  jet  cross-sectional  area  fz  it  is  possible  to 


express  by  P0: 
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where  p is  the  coefficient  of  contraction  which  is  deterained 
experimentally. 

f\  fter  taking  into  consideration  the  eguaticn  of  the  continuity 

F \c\  — F \cx>  (89) 


from  fornulas  (88)  and  (89)  we  will  obtaiq 

c\  = c>Ffx-  (90) 

After  substituting  vaiue  of  c[  from  (90)  in  (87),  we  will  obtain 
the  value  of  the  ideal  velocity 


(91) 
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In  the  actial  flow  there  are  losses  to  friction  and 
nonunifornity  of  the  speed  in  cross  section  2.  Furthermore,  averaged 
even  in  the  ideal  flow  of  pressure  p*  and  p’2  not  at  all  are  measured, 
but  are  measured  pressures  pt  and  p2  - before  and  after  diaphragn.  To 
account  for  this,  let  us  introduce  correction  factor  f,  then  the 
value  of  the  real  velocity 
c. 


(92) 


I 


DOC  * 77233206 


fit 

PAGE  -r 


The  Height  flow  rate  of  the  incoapressible  gas  can  be  calculated 


by  the  for aula 


G~=FtfCr 


After  the  substitutions  of  values  F2  and  c2,  we  will  obtain 


0=F, 


— (Pi  ~Pi)- 

/'~0 


To  separately  deteraine  values  p and  C is  sufficiently  difficult 
and  therefore  in  practice  is  introduced  the  coefficient  of  the 


expenditure/con suaption 


/'-O' 


w 


r i 

: tu 
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Then  expeaditure/consuaption  can  be  calculated  by  the  for  aula 

G=*F<>  V 2gy  (p,-p,).  (96) 

Value  y for  gases  usually  is  determined  according  to  equation 
of  state 

(97) 

where  pt  is  the  static  pressure  to  diaphraga;  j 

T*j  - the  teaperature  of  stagnation  of  the  flow  before  the 
diaphraga. 


Teaperature  is  aeasured  at  a distance,  equal  to  10-20  diaaeters 
of  tube  in  order  to  eliainate  the  effect  of  heat  receiver  on  flow  in 
throttle  instrunent  and  on  its  readings.  Thus,  the  specific 
gravity/weight  of  gas  „Y  in  this  fornula  - value  is  conditional. 


I 


During  the  deter nination  of  the  gas  flow  to  account  for 
coapressibility,  is  corrected  for  the  expansion  of  the  aeasured 
aedius  e and  foraula  for  the  calculation  of  the 
ex pandit ure/consuaption  of  gas  of  signs  the  fora 

G = a*F0  V2gi  (/>,-/>,).  (98) 

Page  69. 
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For  gases  and  vapors  e<l,  for  liquids  e=  I. 

Device  and  the  size/disensions  of  throttle  instruments  are 
standardized.  The  method  of  the  calculation  of  throttle  devices  is 
given  in  "rules  27-54  on  application/use  and  the  verification/check 
of  flow  meters  with  normal  diaphragms,  nozzles  and  Venturi  tubes". 

Fig.  50,  shows  standard  diaphragm  and  nozzle  and  the 
constructions  of  flanged  devices  for  the  selection  of  pressures.  In 
the  upper  part  of  the  cut/sections,  arc  given  disk,  while  in  lower  - 
chamber  flanged  devices. 

Chamber  devices  are  more  complex  and  more  expensive,  for  the 
measurement  of  pressures  in  the  annular  grooves,  it  gives  more 
accurate  results  and  makes  it  possible  to  reduce  the  length  of  entire 
section  of  measuring  device*  Diaphragms  are  simpler  than  nozzles  and 

i 

better  are  investigated,  but  in  comparison  with  nozzles  they  possess 
high  hydraulic  resistance* 


Throttle  instruments  are  applied  without  calibration,  if  D >/  50 
am  and  d/D  lie/rests  within  limits  of  0.2-0.85  for  diaphragms  even 


0.2-0. 8 - for  nozzles 
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Foe  the  manufacture  of  diaphragms  and  nozzles,  utilize  corrode 
the  materials:  stainless  steel,  brass,  bronze  cr  coanon  steel  with 
protective  coating. 

Operating  conditions  of  diaphragas  aad  nozzles  are  extremely 
diverse  and  therefore  during  the  calculation  of  the  gas  flow 
according  to  readings  of  throttle  instruments,  it  is  necessary  to 
introduce  a series  of  corrections. 


The  coefficient  of  expenditure/consuaption  can  be  represented  in 
the  fora  of  the  product 

«=«0  ^KmKJC„  (99) 


•here  aa  is  an  initial  coefficient  of  expenditure/consuaption; 


vtj 

K*  — nonpaBOMHbift  MHowme/ib  Ha  Bn3KocTb;  ^ 
Km—  , . Ha  mepoxoBaT^CTb; 

K*—  n . Ha  HeocTpoTy  k^omkh; 


K,- 


(con^a). 


Ha  Ten/ioBoe  pecillupeime  AHacjiparMbi 


Key:  ,(1).  correction  factor  to  ductility/toughness/viscosity.  (2).  to 

roefk  me  as.  (3).  to  the  nnnsharpnees  of  edge.  (*).  for  the  the  real 
ei pension  of  diaphragm.  (5).  (nozzle). 


L. 
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The  values  of  correction  factors  depend  on  the  paraneters  of 
process  and  construction  of  ths  throttle  instrument: 

l-L.  Re  . — V 


r 


where 


i—  a klneaatic  viscosity  coefficient  of  gas  into  a2/s; 


*--+(d-5); 


^ - a 
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For  diaphragms  and  nozzles,  there  are  curves,  on  which  it  is 
possible  to  find  values  of  correction  factors.  Thus,  for  instance, 
for  a diaphraga  at  the  diaaeter  of  tube  D * 100  ■■  aad  d/0  * 0.5 
value  1.015  (at  Re  = 1(}000)  , value  1.008  and  1.008. 

Under  the  ease  conditions  for  nozzles  0.965  and  An- 

1.000  value  Kn  is  always  equal  to  one- 

Value  depends  on  aaterial  of  diaphraga  (nozzle)  and  of 
teaperature.  Values  of  correction  factor  Kt  . for  brass  are  given  in 
Table  9. 

Rhen  selecting  diaphraga  or  nozzles,  one  aust  take  into  account 
the  pexaissible  aagnitude  of  losses  of  pressure,  the  possibility  of 
nanufacture  and  the  cost/value  of  instruaent,  operating  condition.  It 
is  iaportant  to  also  observe  the  rules  cf  the  setting  up  of  throttle 
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instruments.  During  horizontal  or  inclined  instrumentation , it  is 
necessary  to  provide  the  holes:  during  the  aeasurenent  of  fluid  flow 
rate  - for  an  issue  from  the  chambers  of  air  and  vapors,  during  the 
aeasurenent  of  the  gas  flow  - for  the  descent  cf  condensate. 


In  front  and  froa  behind  instruaent  Bust  be  rectilinear  dan ping 
sections.  The  lengths  of  damping  sections  up  to  instrument  /,  and 
after  instrument  h depend  on  the  presence  in  the  floe  of  the 
perturbation  devices  and  plenum  chamber,  and  also  froa  ratio  d/D.  For 
example,  if  before  and  after  instrument  stand  tap/cranes,  then  with 
d/D  = 0.5  for  a diaphragm  without  the  chamber  is  required  /i/D=47, /,/£>=5‘ 
^ also,  for  diaphragm  with  the  chamber  /|/D=12,  /i/Z)=5.  This 
exaaple  it  shows,  as  is  great  the  role  of  the  chamber  for  the  damping 
of  pressure  in  the  zone  of  measurement. 
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Table  9.  Values  K,  foe  diaphragms  it  puffs  fcoa  brass. 


c 

20 

100 

200 

300 

400 

500 

Ki 

1.000 

1.003 

1,007 

1,011 

1.015 

1,019 
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Foe  the  aeasureaent  of  the  large  fuel  consumptions  at  the 
experimental  stations  there  found  limited  application  the  third  type 
of  throttle  instrument  is  a Venturi  tube  (Fig.  51).  Essential 
advantage  of  Venturi  tube  in  comparison  uith  nozzles*  and  in 
particular  with  diaphragms,  low  resistance.  During  the  measurement  of 
the  fuel  consumption,  it  is  completely  acceptable  according  to 
size/dimensions  and  it  is  reliable. 

Volumetric  flow  meters. 

For  the  measurement  of  volumetric  fluid  flow  rate,  apply  fuel 
meters  and  rotational  flow  meters  (latter  they  can  be  used  also  for 
the  aeasureaent  of  the  expenditure/consua ption  of  gases). 


fig.  52,  shows  fuel  meter  with  photocells  for  the  time  mark  of 
the  passage  of  the  fuel  level  of  control  scratches.  Fuel  meter  is 
establish/installed  in  fuel  system. 
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Service  tank  2 is  connected  by  sleeve  with  holes  1 with  the 
housing  of  15  ball  cock.  To  central  tube  3,  are  planted  disks  13, 
which  isolate  aeasured  capacitance/capacities.  Window  4 serves  for 
visual  observation  of  the  passage  of  the  f uel/propellant  through 
aeasured  scratches.  Adapter  5 with  branah  6 for  the  pass  of 
fuel/propellant  connects  service  tank  2 with  coapensation  tank  10. 


Xn  coapensation  tank  10,  is  window  7 for  observation  of  liguid 
level  during  the  control  of  counter  pressure.  Overflow  pipe  9 serves 
for  the  pass  of  air  froa  coapensation  tank  10  into  service  tank  2. 
Air  pressure  in  coapensation  tank  10  is  regulated  by  the  tap/crane, 
establish/installed  in  cap/cover  8.  Branch  6 and  case  of  cock  20  are 
connected  with  the  aain  line,  which  feeds  fuel/propellant  to  fuel 
aeter,  and  output  branch  17  is  with  the  aain  line,  which  feeds 
fuel/propellant  to  engine,  photocells  12  are  Placed  in  coluan  and 
"observe"  the  passage  of  fuel/propellant  of  the  disks  of  1 3 aeasured 
capacitance/ ca pacifies. 


During  operation  of  engine,  the  float  in  housing  15  stands  in 
upper  position  and  its  lever  rests  in  plate  16,  as  shown  in  figure. 
If  lever  18  of  can  21  stands  in  vertical  position,  then  can  holds 
valve  22  opened.  The  spring  of  can  in  this  case  has  ainiaua  length. 


; 


no 
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Fuel/propellant  is  passed  through  the  valve  into  the  housing  of  IS 
ball  cock  and  further  into  engine. 

The  tube,  which  supplies  fuel/propellant  to  conpensating  tank 
through  branch  6,  and  service  tank  2 is  filled  by  fuel/propellant, 
and  the  large  part  of  conpensation  tank  10  - by  air.  The  fuel  level 
in  conpensation  tank  can  be  regulated,  changing  air  pressure  by  the 
tap/crane,  establish/installed  on  cap/cover  8. 
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Fig.  51.  Venturi  tube. 
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For  the  aeasureaent  of  the  fuel  copsuaftion  the  cylinder  of  caa 
21  they  turn  by  hand  in  the  position,  shown  on  figure.  In  this  case, 
valve  22  is  closed,  and  the  lever  of  18  caa  21  goes  for  the  caa  of  19 
float.  Since  valve  is  closed,  fuel/propellant  begins  to  be 
expend/consuaed  froa  service  tank  2,  and  the  place  of  fuel/propellant 
froa  compensation  tank  10  enters  air.  In  the  space  being  freed  in 
tank  10  through  branch  6 of  the  aain  line,  enters  the 
fuel/propellant.  Tube  9 does  not  aake  it  possible  for  this 
fuel/propellant  to  be  recasted  into  service  tank  2 until 
feel/propeliaat  in  tank  10  ia  achieved  the  upper  edge  of  tube  9.  When 
fael  Oevel  is  achieved  float  chaaber,  float  lovers  aad  its  caa  19, 

beiag  turaed,  it  free/releases  lever  18. 
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Pig-  52.  Fuel  meter.  1 - sleeve,  2 - service  tank,  3 - central  tube 
4 - window,  5 - adapter,  6 - branch,  7 - the  window  of  compensation 
tank,  8 - cap/cover,  9 — recasting  tube,  1 0 — compensation  tank,  11* 
upper  flange,  12  - photocells,  13  - disks,  14.  lower  flange,  15  - t 
housing  of  the  ball  cock,  16  — plate— detent,  17 —output  branch,  18 
lever,  19  - the  cam  of  float,  20  - case  of  cock,  21  - the 
open /disclosing  can,  22  — intake  valve. 
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Spring  turns  can  21  and  it  autoaatically  open/discloses  valve 

22. 


Photocells  are  included  in  the  systea  of  the  autonatic 
neasurenent  of  the  fuel  consumption  which  is  given  in  Pig.  53.  When 
fuel  level  is  passed  through  "observed"  by  photocell  field,  it  gives 
the  signal  through  the  amplifier  4 and  thyratron  relays  5 for  the 
"launching/starting"  of  chronograph  6 and  of  the  spark  illuminator  of 
8 canera.  At  the  torque/nonent  of  the  overshoot  of  spark,  are 
photographed  clock  readings  13  and  of  the  revolution  counter  of  12 
shafts  of  engine. 

Vig.  54,  gives  the  schenatic  of  rotary-disk  neter  with  the  oval 
gears  which,  being  located  friend  with  other,  they  are  rotated  under 
the  action  of  the  pressure  differentials  of  liquid  at  entrance  and 
exit  fron  instrument. 
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Pig.  S3.  Diagram  of  automatic  system  of  measurement  of  fuel 
consuaption.  1 - fuel  meter,  2 - the  bulb  of  illuaination,  3 - 
photocells,  4 - amplifier,  5 - thyratron  relay,  6 - chronograph,  7 - 
high-voltage  generator,  8 - spark  illuminator,  9 - objective,  10  - 
photographic  fila,  11  - camera,  12  - revolution  counter,  13  - 
stopwatch. 

Key:  /(I).  Launching/starting  is  stop. 
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The  volumetric  flow  rate  of  fuel/propellant  is  determined 
according  to  counter  aechanisa  or  calculate  according  to  the  formula 
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where  Vj  is  the  volume,  seized  by  gear; 

*1  — the  charge/weight  ratio,  which  considers  clearance  losses; 

n - the  number  of  revolutions  of  cylinder  per  ainute. 

Standard  counters  of  such  type  are  applicable  according  to  their 
dinensions  and  weight  only  for  operation  under  ground  conditions. 

Fig.  55,  gives  the  schematic  of  rotational  gas  counter. 
Blade/vanes  (the  "eights") , establish/installed  in  the  housing  of 
counter,  are  profiled  so  that  they  clear  neither  housing  nor  each 
other;  rotation  from  one  blade/vane  to  anotner  it  is  transferred  by 
gears,  which  are  located  beyond  the  limits  of  working  cavity. 
Blade/vanes  are  rotated  under  the  action  of  pressure  differential 
between  entrance  and  exit;  this  jump/drop  on  normally  working  counter 
does  not  exceed  30  am  water  column. 

rotary-disks  meter  are  reliable  and  are  sufficiently  precise, 
but  they  do  not  possess  high  productivity.  Flow  meters  of  this  type 
can  also  be  applied  for  the  measurement  of  nonstationary 
expend itur e/consum  ptions. 


J 


— 1 

176 
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Rotaaeters. 

The  device  of  rotaaeter  is  shown  in  Fig.  56.  in  conical  tube  1 
with  the  scale  in  the  ascending  propellant  streaa#  is  located  float 
2.  During  the  aotion  of  liquid,  the  float  is  establish/installed  on 
such  height/altitude  where  its  excess  weight  is  equal  to  the  lift 
force,  which  depends  on  the  speed  of  the  flow  about  the  float. 


fig.  55.  Schematic  of  rotational  gas  counter. 

Key:  (1).  Entry  of  gas.  (2).  Output/yield  of  gas. 

Page  75. 

Excess  weight  is  equal  to  a difference  in  the  Height  of  float  in  void 
and  in  the  Height  of  liquid  in  the  volune  of  float. 

let  us  write  the  equation  of  the  equilibrium  of  float  in  fluid 

flOH 

O.-I'.G.-T.  (101) 


nhere 


Q,~  the  excess  Height  of  float; 
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Ve—  the  voluae  of  float; 


T«~  the  specific  gravity/weight  of  float; 

7t  — specific  gravity  of  fuel  (it  is  neasured  by  hydroaeter); 

Cj—  the  drag  coefficient  of  float,  depending  on  tha 
ductility/toughness/viscosity  of  fuel/propellant,  the  rate  of  flow  of 
fuel/propellant  and  fora  of  float,  and  also  froa  the  position  of 
float; 

the  area  of  the  aaxiaua  cross  section  of  float; 

ct—  the  rate  of  flow  of  the  liquid  before  the  float. 


After  siaple  conversion  we  will  obtain  expression  for 
deteraining  the  volnaetric  flow  rate  of  the  f ael/propellan t 


0=f  ,/ JV  lanli. 
W J'V  f*n  T, 


(102) 


where  /p  — is  a cross-sectional  area  of  tube 


mmm 
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The  rotaaeters  are  coapact,  ace  siaple  and  show  the 
instantaneous  value  of  the  voluaetric  flow  rate  of  fuel/propellant. 
They  are  suitable  also  for  the  measurement  of  the  gas  flow.  However, 
readings  of  rotaaeters  depend  on  the  specific  gravity/veig ht  of 
liquid,  its  ductility/toughness/viscosity  and  on  teaperature.  This 
considerably  decreases  the  accuracy  of  aeasureaents. 


Graviaetric  method  of  the  aeasureaent  of  the  fuel  ccnsuaption. 


Setting  up  for  the  aeasureaent  of  the  fuel  consumption  by  the 
graviaetric  method  (Fig.  57)  consists  of  weights,  3,  service  tank  7, 
coapensation  tank  5,  flexible  hoses  6 and  8,  compensating  tube  2, 
three-way  cock  9 and  of  air  cock  4. 

For  filling  of  setting  up  tap/crane  9 is  placed  in  position  of 
a,  tap/crane  4 - they  close,  and  tap/crane  1 - is  open/disclosed. 
Fuel/propellant  froa  main  line  fills  a tank  7 and  the  part  of 
coapensation  tank  5.  Tap/crane  4 serves  for  pressure  adjustment  of 
air  ia  coapensation  tank  5 and  torque/aonent  of  the  beginning  of  the 
overflow  of  fuel/propellant  into  tank  7. 


I 
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Pig.  56.  Schematic  o£  rotameter.  1 - conical  tube,  2 - float. 


Page  76. 

in  order  to  measure  the  fuel  consumption,  three-way  cock  9 is 
placed  in  position  of  6 and  are  measured  time  and  fuel  load,  spent 
from  tank  7.  Pith  expenditure  tank  5 is  charged  by  the 
fuel/propellant  through  compensating  tube  2;  when  the  fuel  level  in 
tank  5 is  equaled  with  the  upper  edge  of  overflew  pipe,  begins  the 
overflow  of  fuel/propellant  into  tank  7 and  aeasureaent  it  becoaes 
impossible. 

Heights  aust  be  arrow  type  and  sufficiently  sensitive.  The 
sensitivity  of  balance  in  setting  up  systea  can  be  tested, 
controlling  their  reaction  for  low  loading  with  the 
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expenditure/consua p tions,  which  correspond  to  three  basic  engine 
power  ratings.  The  gravimetric  nethod  of  measurement  sore  complex* 
than  volumetric,  but  does  net  require  the  measurement  of  the  specific 
gcavity/we  ight  of  liquid  (f  uel/propellamt,  oils). 

Accuracy  of  the  measurements  of  flows  and  expenditure/cons urn pt ions. 

The  data  on  the  highest  accuracy  of  the  measurement  of  the 
temperature  of  fixed  media  and  the  accuracy/precision  of  measurement 
by  working  thermometers  are  given  in  Table  10  and  11. 


Errors  during  the  measurement  of  the  temperature  of  the 
fast-moving  gases  appear  from  different  reasons. 


t-  .» 


L 
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Pig.  57.  Installation  diagran  foe  weight  eeasureaent  of  fuel 
consuaption.  1 - main  tap/crane,  2 - compensating  tube,  3 - weights, 
4 - the  air  cock,  5 - compensation  tank,  6,  8 - flexible  hoses,  7 - 
service  tank,  9 - three-way  cock,  10  - fuel  pipe. 


Key:  (1).  Positions  of  tap/crane  9 at  the  torgue/noaent:  a)  filling, 
b)  measurement. 


Page  77. 

During  the  rational  selection  of  fora  and  size/diaensions  of  the 
chaaber  of  braking,  which  plays  siaultaneonsly  and  the  role  of  single 


)V2r 
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shield,  an  error  of  neasureaent  by  the  theraocouples  of  flou  to  900°C 
can  be  considered  equal  to  ±1. 0- 1. 5o/o.  This  error  is  obtained  upon 
the  setting  of  heat  receiver  into  the  uncooled  tube  and  during  the 
■easureaent  of  the r to-  eaf  by  a potentioaeter  of  the  type  PP. 


|‘ 


l'. 


Key:  (1).  Temperature  of  centigrade  scale  °C.  (2).  Error  of 
aeasureaent  °c.  (3).  Designation  of  instrument.  (%) . Resistance 
theraoneter  is  standard.  (5).  The  sane.  (6).  resistance  thermometer 
is  spaciaen.  (7).  Thermocouple  platinua-r hodiu a-platinua,  standard. 
(8).  The  optical  pyroaeter  is  standard. 
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Table  11.  Accuracy/precision  of  the  measurement  of  the  temperature  of 


Hdia  by  mcrking  tJ 


I 

TennepaTypa 

CTorpaaycHoA 

uiKajibi 

•c  fo 

— 183  + 600 
600+1300 
600+1300 

C *•> 

AO  1400 
2000 


riorpeiiiHocTb 

lOMepCHHO 


HflHMeHOBAHHe  npn6opOB 

fa 

TepniOMeip  conponiB^eHM^ 


±1,0+1, 5 ot  BepxHaro  TepmoMeip  conpomi 

npeaejta  niKajiuf fl 
+0,3  TepMonaaa  luraTiiiiopoaiifi-njia- 

x''  THHOB3H  \ (f) 

±'-°  OTHaiepTioft  TepMorupaxpoMeab- 
TeynepaTVDhi  * f 


TeMnepaiypu 


OnriwecKHtt  nKponerp  I 
To 


Key:  (1).  Temperature  of  centigrade  scale  °C.  (2).  Error  of 

measurement  o/o.  (3).  Designation  of  instruments.  (4).  from  the  upper 
limit  of  the  scale.  (5).  Resistance  thermometer.  (6).  thermocouple 
platimum-r hodium-platinum.  (7).  from  the  measured  temperature.  (8). 
Thermocouple  chrome  1-alumel.  (9).  to.  (10).  The  optical  pyrometer. 
(11).  The  same. 


- 
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The  accuracy /precision  of  the  neasuceaent  of  the  teaperature  of 
flows  by  series  electrical  resistance  t beruoaeters  is  characterized 
by  following  data. 

The  standardized  electrical  resistance  theraoneter  TUE-48  for 
the  aeasurenent  of  the  tenperature  of  oil*  water  and  air  in  the  range 
froa  -70  to  t 150°c  gives  error  ± 4.  3o/o.  An  error  in  the 
theraocouple  TgZ-47  in  operating  range  400-900°C,  according  to  the 
data  of  plant  calibration  is  equal  to  8-20°C.  Upon  setting  by  engine, 
this  error  grow/rises  due  to  the  intensive  heat  exchange. 

During  the  aeasurenent  of  the  pressure  of  driving  gas  to  errors 
in  the  aanoaeters,  are  added  errors  in  pressure  units.  Errors  in 
pitot  tubes  in  subsonic  and  supersonic  flows  are  very  stall. 


The  aeasnreaant  of  static  pressures,  as  a rule,  it  is  less 
accurately.  Static- pressure  probes  give  error  usually  not  aore  than 
1. 5o/o. 


-s.  — 


A 7 

DOC  = 77233207  PAGB  -2- 

The  accuracy/precision  of  the  deterainat ion  X of  floe  is 
deterained  by  the  accuracy  of  the  aeasurenent  of  pressures.  For 
needle  receivers  the  average  quadratic  error  in  the  calibrations, 
deterained  by  the  deviations  of  experiaental  points  fron  linear 
characteristic,  in  the  range  X = 0.3- 1.4  does  not  exceed  O.60/0. 

During  the  execution  of  throttle  instruaents  in  precise 
conforaity  with  rules  27-54,  can  be  provided  the  accuracy  of  the 
aeasurenent  of  exp enditure/consunptions  with  an  error  in  order 
t lo/o.  An  error  in  the  throttle  instruments  sharply  grow/rises  in 

13 

the  case  of  the  neasurenent  of  the  expenditures  of  pulsative  flows 
and  can  be  deterained  dozen  percent. 

The  accuracy  of  the  aeasurenent  of  the  fuel  consunptions  with 
the  aid  of  fuel  neters  depends  on  the  accuracy/precision  of 
calibration,  deter aination  of  specific  gravity/weight  and  aeasureaent 
of  tiae.  Tine  is  aeasured  with  the  aid  of  coaaoq  stopwatch  with  error 
of  approxiaately  0.3  s. , and  experiaenter* s error  with  the  reading  of 
the  passage  of  fuel  level  is  obtained  afcout  0.2-0. 3 s. 

With  the  duration  of  aeasureaent  30  s.  an  error  in  the 
evaluation  of  the  consuaption  of  the  fuel/propellant  of  order  I.So/o. 


-&r  / if 
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If  we  increase  the  volume  of  the  used  bulb/flasks,  and  to  design  then 
for  60  s.,  but  as  stopwatches  to  use  chronoscopes  with  the 
half-period  of  the  oscillation/vibration  of  balance  0.01-0.02  s., 
then  error  is  obtained  order  + 0. 5o/o.  Accuracy/precision  can  be 
raised,  after  using  the  autoaatic  recording  of  the  tine  of  the  fuel 
consumption  from  aeasured  volume. 

An  error  in  the  voluaetric  counters  with  oval  gears  of  the  type 
SVSh  5-16/40  is  equal  to  f-0.5o/o  of  the  aeasured  value.  An  error  in 
the  rotaaeters  is  equal  approxiaately  +- 2.5o/o. 

The  accuracy/precision  of  the  graviaetric  aethod  of  the 
aeasuceaent  of  the  fuel  ccnsuaption  is  deternined  by  the 
accuracy/precision  of  weights  and  recordings  of  the  tine  of  fuel 
consuaption.  The  accuracy  of  the  measurement  of  weight  is  obtained 
ordar  t 0. 2o/o.  If  we  for  recording  of  tine  use  chronoscope  and 
photocell,  then  during  the  measure aent  of  expenditure/cons uapt ion 
during  30  s.  (error  of  aeasureaent  of  the  tiae  cf  order  0.1  s. ) we 
will  obtain  a coaaon/general/total  error  in  order  t 0.5o/o. 

For  an  increase  in  the  accuracy  of  aeasureaents  with  this 
equipment,  it  is  possible  to  recoaaend  the  aethod  of  repeated 
aeasureaents.  The  evaluation  of  result  is  obtained  by  the  averaging 
of  findings. 
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4.  Gas  analysis. 

The  gas  analysis  of  coabustion  products  is  carried  out  only 
during  the  special  studies  of  the  coabustion  chaabers.  In  practice 
won  acceptance  of  two  types  of  gas  analyzers  - chenical  and 
electrical.  Electrical  gas  analyzers  are  less  precise. 

The  siaplest  includes  the  gas  analyzer  cheaical  portable  GKhPZ, 
deteraining  percentage  of  C0f  C02,  o2.  The  action  of  gas  analyzer  is 
based  on  the  ability  of  solutions  to  absorb  gases  and  the  aeasureaent 
of  the  volune  of  the  gas,  which  reaained  that  which  was  nonabsorbed. 

On  Pig.  58,  is  represented  the  diagraa  of  GKhPZ.  The  test 
sections  of  GKhPZ  are  aade  froa  glass.  Gas  is  gathered  into  burette 
8,  which  has  voluae  100  el;  with  the  aid  of  this  sane  burette  is 
aeaaured  the  voluae  of  gas  after  absorption.  The  lower  part  of  the 
burette,  utilized  with  the  reading  of  the  absorbed  gases,  it  Bakes  it 
possible  to  aeasure  the  voluae  of  gas  sore  accurately  than  upper 


4&/10 
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(since  it  has  the  saaller  diaaeter).  Burette  is  subnerged  in  vessel 
with  water,  which  decreases  the  tenperature  variations  in  the  process 
of  gas  analysis. 

Absorbing  vessels  7 (D-shaped  fora)  are  filled  by  glass  tubes 
and  absorbing  solutions;  tubes  increase  the  absorbing  surface  and 
accelerate  thus  the  course  of  analysis. 


Distributive  coab  6 connects  vessels  7 and  burette  8 with  gas 
filter  2 or  pear  9 (depending  on  the  position  of  three-way  cock  5). 


DOC  * 77233207 


PAGE  7 


Pig.  58.  Scbeaatic  of  gas  analyzer.  1 - equalizing  vessel,  2 - 
filter,  3 - rubber  follicle,  4 - connecting  tube,  5 - three-nay  cock, 
6 - distributive  coab,  7 - absorbing  vessels,  8 - burette,  9 - pear. 


Page  80. 

la  gas  filter  2,  which  is  the  0-shaped  tu<be,  well-packed  by  glass 
wool,  are  retarded  the  solid  particles,  vhich  are  found  ia  the  gas, 
undertakes  for  analysis.  Pear  9 serves  for  the  suction  of  the  gas 


*** 
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through  filter  2 and  the  flushing  of  distributive  conb  as  6 analyzed 
gas,  which  enters  froe  burette  8.  Tube  4 connects  absorbing  vessels  7 
with  rubber  follicle  3,  which  insulates  systea  fron  air. 

Gas  analysis  is  divide/aarked  off  during  two  operations  - 
traiaing/p reparation  and  strictly  analysis. 

During  training/preparation  filter  2 they  connect  by  the  cooled 
copper  tube  with  the  separator  of  gas;  by  tap/crane  5 aain  line  and 
filter  2 they  connect  with  pear  9,  by  which  they  suck  gas.  Burette  8 
and  conb  6 wash  in  gas  with  the  aid  of  egnalizing  vessel  1 and  pear 
9;  lowering  vessel  1 with  lock  ligoid,  gas  they  take  away  into 
burette  8.  Then  is  reaoved  the  aixture  of  gas  and  air  by  the  lift  of 
vessel  1 and  by  pear  9. 

After  flushing  the  systea  is  filled  with  the  pure  analyzed  gas. 
By  tap/crane  5 aeasuring  systea  is  insulated  free  filter  2 and  pear 
9.  pressure  in  systea  nust  be  egual  external  (i.e.  the  level  of  lock 
liguid  in  burette  8 is  identical  to  the  level  in  vessel  1)  . 

for  analysis  is  open/disclosed  the  tap/crane  of  first  absorbing 
vessel  7 and  by  the  lift  of  egualising  vessel  1*  several  tines  they 
distill  gas  fron  burette  into  absorbing  vessel;  when  vessel  7 is 
filled  with  gas,  liguid  fron  it  departs  to  its  another  part  (vessel 
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of  the  0-shaped  fora),  and  air  - oa  tuba  * to  follicle  3. 

then  absorption  in  the  first  absorbing  vessel  ends,  the 
tap/crane  of  this  vessel  is  closed  and  deteraine  the  voluae  of  the 
reaaining  gas.  Then  operation  is  repeated  vith  other  vessels.  Rith 
the  aeasureaent  of  the  voluae  of  the  nonabsorbed  gas  the  levels  in 
vessel  1 and  burette  8 , aust  be  coabined. 

As  lock  liquid  in  equalizing  vessel  serves  salt  water  (soaetiaes 
- aercury)  . Tor  absorption  CO*,  is  applied  the  solution  100  g of  the 
potassiua  hydroxide  (KON)  in  200  g of  the  distilled  water;  for 
absorption  0*  - solution  80  g KON  and  30  g of  pyrogallol  in  100  g of 
the  distilled  water;  for  absorption  CO  - solution  250  g of  anaoniun 
chloride  (IH4C1)  and  of  200  g of  cuprous  chloride  in  750  g of  the 
distilled  water.  Nonabsorbed  there  reaains  only  nitrogen. 

Accuracy/precision  of  the  exaained  nethod  of  deteraining  the 
coaposition  of  gas  approxiaately  0.  1-0. 2o/o. 


5.  aeasureaent  of  the  thrust  force  and  torque/aoaent. 

I 
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tests  of  *11  jet  engines*  including  turboprop*  during  testing  of 
which*  furthermore,  it  is  necessary  to  neasure  torgue. 

The  aeasureaent  of  thrust/rod  or  torgue/sosent  is  reduced  to 
force  aeasureaent*  for  deteraining  which  we  apply:  lever/crank 
dyaaaoaeters*  dynaaoaeters*  spring  dynaaoaeters  with  electric 
sensors*  etc. 


Page  81. 


lever/crank  dynaaoaeters. 


To  Pig.  59*  is  shown  the  scheaatic  of  lever/crank  dynaaoneter 
with  the  optical  transaission  system  of  readings  and  increase  in  the 
scale*. 


The  thrust  force  of  engine  (or  the  force*  which  affects  fron 
torgue/nonent)  is  transferred  by  transfer  tabic  1*  on  which  is 
estahlish/installed  the  engine*  through  branching /fork  2* 


in te mediate  thrust/rod  3*  horisoatal  L-shaped  lever  4 and  thrust/rod 
to  weights  5 (effort/force  Bust  dilate/extend  thrust/rod  5).  Thrust 
force  is  absorbed  by  vertical  L-shaped  lever  16  and  with  the  aid  of 
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intermediate  thrust/rod  17  is  transferred  to  the  receiving  lever 
dynamometer  18. 


Pig.  59.  Scheaatic  of  lever/craak  dynaaoaeter  with  the  optical 
transaission  systea  of  readings  and  increase  in  the  scale.  1 - mobile 
plates*  2 - the  transaitting  branching/fork,  3 - interaediate 
thrust/rod*  4 - horizontal  L-shaped  lever*  5 - thrust/rod  to  weights* 
6 - load  for  the  initial  load  of  systea*  7 - vertical  thrust/rod*  8 - 
the  sfcrev/propeller  of  fine  adjustaeat*  9 - the  counterweight*  10  - 
optical  systea  (tube):  11  - airror*  12  - the  scale  of  dynaaoaeter*  13 
- the  shield  of  dynaaoaeter*  14  - the  load  of  the  installation  of 


scale  value,  15  - daaper,  16  - vertical  L-shaped  lever,  17  - 
intermediate  thrust/rod,  18  - receiving  lever  of  dynamometer,  19  - 
daaper. 


Page  82. 

fo  lever  18,  is  connected  load  6 for  the  initial  load  of  systen  and 
oil  daaper  19  for  the  vibration  danping  of  systen. 

Further  effort/force  is  transferred  through  thrust/rod  7 to 
balance- weight  lever  14,  employed  for  setting  of  scale  value,  and 
deeper  15,  which  danps  oscillation/vibration  and  by  that  saoothing 
load  changes. 


Then  the  effort/force  through  the  rod  and  the  steel  strip,  which 
rests  on  airfoil/profile,  is  transferred  tc  pendulua  with  load  9, 
which  balances  the  seasured  force.  During  a change  in  the 
effort/force,  scale  12  is  aoved  and  its  readings  with  the  aid  of  bulb 
10  and  the  systen  of  nirrors  11  are  transferred  to  the  shield  of 
dyaaaoaeter  13. 

The  exanined  dyaaaoaeter  is  very  staple  aad  reliable  in 
operation.  However,  vibrations  can  lead  aechaaical  systen  in 
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resonance  oscillations,  which  sharply  decreases  the  accuracy  of 
neasureaents.  Is  reaoved  this  sbortconing  by  the  adjustaent  of  the 
systen  of  dynaaoaeter. 

t*4  - 

Furthermore,  in  the  systea  of  dynaaoaeter  there  are  aany  hinge 
joints  in  which  are  applied  the  antifriction  bearings.  During 
operation  bearings  aust  be  shielded  froa  contamination  and  water, 
since  their  blockage  decreases  the  accuracy/precision  of  dynaaoaeter. 
To  the  accuracy/precision  of  measurement,  also  has  effect  the 
appearance  of  dents  on  the  path/tracks  of  bearings.  Therefore  in 
sinilar  type,  aeasuring  systeas  they  try  hinge  joints  to  fulfill  in 
the  fora  of  prisas  or  flexible  strips. 


Liguid  dynaaoaeters  (dynamometers)  . 

In  the  practice  of  laboratories  and  experimental  stations,  find 
a use  non-flow  and  flowing  liguid  dynaaoaeters  (dynaaoaeters). 

Ion-flow  (i.e.  without  the  constant  duct  of  liquid)  dynaaoaeters 
with  the  rotating  cylinder  or  the  piston,  given  into  action  by 
special  electric  aotor,  are  complex,  but  they  possess  that  which  was 
increased,  in  coaparison  with  other  non-flow  dynaaoaeters  by 


I 


7^r- 

DOC  * 772J3207  PAGE 


accuracy/precision.  Dynamometers  with  separating  diaphragm  are  simple 
on  device,  but  for  obtaining  precise  measurements,  they  require 
absolute  airtightness,  the  absence  in  the  system  of  air  locks, 
insensitivity  of  system  to  temperature  variations. 

To  Pig.  60,  is  shown  non-flow  dynamometer  with  separating 
diaphragm.  Liquid  dynamometer  (dynamometer)  consists  of  piston  3,  the 
housing  of  1 and  separating  diaphragm  4.  Support  ring  2 limits  piston 
stroke,  elastic  diaphragm/aeabranes  5 direct  its  aotioa.  Branch  6 
serves  for  the  measurement  of  oil  pressure. 

Liquid  dynamometer  works  as  follows.  The  measured  force  is 
applied  normal  to  piston  and  is  balanced  by  the  counteraction  of 
membranes  5,  diaphragm  4 and  of  the  pressure  of  working  fluid. 

Page  83. 


As  working  fluid  are  applied  transformer  oil,  glycerin,  mixture  of 
glycerin  with  alcohol  and  other  liquids,  which  retain  low 
dmctility/toughness/viscosity  at  low  ambient  temperature.  The 
pressure  of  workimg  fluid  is  measured  by  a precise  manometer, 
calibrated  on  the  measured  effort/force.  The  effect  of  the  elasticity 
of  diaphragm/aembrane  and  diaphragm  is  considered  by  calibration. 
Piston  stroke  must  be  small  - order  0.05-0.10  mm.  (then,  in  the 
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systea*  air  sacks  and  teaperature  effects  are  present*  on  the  voluae 
of  liquid*  the  accuracy  of  aeasureaents  is  depressed.  These 
shortcoaings  to  a considerable  degree  is  deprived  flowing 
dynaaoaeter. 

The  scheaatic  of  flowing  dyaaaoaeter  with  the  regulation  of 
iqtake  and  output  area  is  shown  to  Fig.  6.1.  Froa  oil  tank  1 through 
filter  oil*  it  enters  oil  puap  2 in  which  there  is  a reduction  valve* 
which  supports  constant  pressure  in  intake  lain  line  3*  aoreover  is 
knowingly  higher*  than  it  can  be  required  in  force  gauge. 

Oil  under  high  pressure  (for  exaaple*  50  kgf/cn*)  is  fed  to 
intake  chaaber  of  4 cylinders  of  dynaaoaeter  5.  In  intake  chanber  4* 
is  spring  6 and  intake  shutoff  valve  7.  On  one  stock/rod  with  intake 
valve  7 sits  out~gate  8 with  spring  9.  In  piston  10*  is  a hole  for 
the  jettisoning  of  oil  through  aain  line  11  in  oil  tank. 


Pig.  60.  Mon-flow  dynaaoaeter  with  separating  diaphraga.  1 - housing, 
2 - thrust  ring,  3 - piston,  4 - diaphraga,  5 - directing 
diaphraga/aeabranes,  6 - branch. 

Fig.  61.  Scheaatic  of  piston  dynaaoaeter  with  the  adjustable  intake 
area  and  oil  outlet.  1 - oil  tank,  2 - oil  punp,  3 - intake  main 
line,  4 - intake  chaaber,  5 - the  cylinder  of  dynaaoaeter,  6 - the 
spring  of  intake  valve,  7 - intake  valve,  8 - out-gate,  9 - the 
spring  of  out-gate,  10  - piston,  11  - output  aain  line. 


Page  84. 

1 Under  the  action  of  the  aeasured  force  P,  piston  10  is  aisaligned  and 

▼alve  7 is  open/disclosed,  oil  enters  the  cavity  of  piston  until 
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force  P is  balanced  by  oil  pressure  and  by  the  force,  which  effects 
in  the  systea  of  waives. 


If  force  P decreases,  then  piston  will  go  away  to  the  left, 
valve  7 will  discontinue  the  access  of  oil,  and  valve  8 will  open 
outlet  and  oil  pressure  in  the  cavity  of  piston  will  fall.  Oil 
pressure  in  the  cavity  of  the  piston  is  aeasured  with  high 
accuracy /precision  - order  _+0.  lo/o. 


For  the  aeasureaent  of  oil  pressure  in  the  cavity  of  piston,  can 
be  used  hydro- receiver  1 (Fig.  62)  with  precise  pendulua  weights  of 
2.  Oil  fron  the  piston  cavity  is  fed  to  the  hydro-receiver  of 
dynanoneter;  the  force,  which  effects  on  the  piston  of 
hydro-receiver,  is  balanced  by  precise  pendulua  weights.  Entire 
measuring  systea  is  calibrated  with  the  aid  of  precise  loads. 


To  Fig.  63,  is  given  the  cut/section  of  the  aenbrane/diaphraga 
flowing  dynamometer,  working  on  the  sane  principle,  as  flowing  piston 
dynamometer.  Since  the  measurement  of  effort/force  in  flowing 
dynamometer  is  carried  out  in  the  torgue/aoment  of  equilibrium,  the 
accuracy/precision  of  its  readings  do  not  in  practice  affect  air 
babbles  and  a change  in  the  temperature  conditicns.  The  pistons  of 
dynamometers  accomplish  very  low  displace aent/aoveaents.  Decrease  in 
piston  stroke  of  dy nanometers  contributes  to  an  increase  in  the 
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accuracy  of  aeasureaents. 

Considerable  interest  for  the  tests  technique  of  turboprop 
engines  are  of  torque  aeters  (IKH) . IKH  is  coaponent  part  of 
TVD  (turboprop  engine]  and  aakes  it  possible  to  aeasure  the 
torsional  aoaent  both  on  the  stand  of  experiaental  station  and  in 
flight. 

Are  aost  conn  on  hydraulic  IKH.  One  of  the  possible  scheaatics  of 
hydraulic  IKH  is  represented  on  Fig.  64.  During  the  transfer  of  the 
power  of  the  engine  through  planetary  gear  to  output  shaft  5,  appears 
reactionary  torque  on  fixed  gear  2;  torque/aoaent  froa  wheel  (force 
P»)  is  transferred  to  the  housing  of  the  reducer  through  the 
ball/spheres,  which  convert  the  rotary  notion  of  wheel  into 
forward/progressive  piston  stroke  3 (under  the  effect  of  force  T) . 
Piston  stroke  3 will  be  discontinued  at  the  torque/aoaent  when  the 
force,  which  affects  the  piston,  is  balanced  by  the  oil  pressure, 
which  grows  due  to  contraction  of  area  of  outlet.  The  value  of  torque 
is  judged  by  pressure  of  oil. 


* 
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Pig.  62.  Pattern  of  the  precise  aeasureient'  of  oil  pressure  in 
dynaeoaeter.  1 - h ydro-receiver , 2 precision  weights. 


Page  85. 
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Pig.  63.  Construction  of  flowing  dynanoneter  with  the  adjustable 
intake  area  and  oil  outlet.  1 - intake  branch*  2 cylinder*  3 - intake 
waive*  with  spring*  4 - steel  diaphraga/n«abrane,  5,  7 - packing  of 
fiber*  6 - packing  rubber*  8 - pusher*  9 - out-gate  with  spring*  10- 
collar*  11  - piston*  12  - the  plates*  which  prevent  the  aisalignnent 
of  piston*  13  - output  branch. 


Key:  Cl)-  drain 
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Pig.  64.  Scheaatic  diagraa  of  hydraulic  IKK  with  ball/spha  res.  1 
the  shaft  of  engine,  2 - gear,  3 - piston,  4 - hole  for  oil  drain,  5 
- output  shaft. 

Page  86. 

Insufficient  accucacy/precision  of  IKK  does  not  sake  it  possible 
8tiH  to  forego  the  bench  aeasuring  systeas  of  the  torsional  aoaent, 
although  in  the  operation  of  turboprop  engines  IKK  they  had  extensive 

application. 

Spring  dynaaoaeters  with  electric  sensors- 


; I 


In  such  dynaaoaeters  the  acting  force  is  absorbed  by  spring  and 
it  deforss  it.  The  deforaation  of  spring  can  be  aeasured  by  the 
inductive,  extensonetric  or  other  sensor.  To  Pig.  65,  it  is  given  one 
of  the  possible  diagraas  of  inductive  deforaeter.  In  this  diagraa  the 
voltage/streu  of  the  output  diagonal  of  (the  bridge 

LU-kUl,  (103) 

where  k is  the  coefficient,  depeadiag  on  construction  of  coils  rt, 

t*. 

0 - the  voltage  of  alternating  feed  current  of  bridge, 

6 - the  displaceaent  of  anchor  a froa  free  position. 

The  displaceaent  of  anchor  6 disturbs  balance  of  bridge  and 
value  AO  is  proportional  to  this  displaceaent.  Anchor  can  be 
connected  with  the  elastic  cell/eleaent,  receiving  the  aeasured 
force;  thus,  the  aaount  of  force  can  be  read  on  the  scale  of 
aillivoltaeter,  correspondingly  that  which  was  calibrated  coapletely. 

Accuracy  of  the  neasureaent  of  force  and  torgue/nonent. 


J 


DOC  » 77233207 


-i 

0 A*! 

PAGE  -27  • 


Methods  described  above  aad  instruments  for  deteraining 
effort/forces  give  different  errors. 

Mith  the  aid  of  the  non-flow  dynamometers,  oil  pressure  in  which 
is  measured  by  the  piston  gauge,  the  acting  forces  can  be  measured 
with  accuracy/precision  *0. 2o/o-  With  that  error  *0.13/0  falls  on  the 
piston  gauge  even  *0. 1o/o  on  dynamometer. 

Approximately  the  same  accuracy/precision  provide  flowing 
dynamometers,  bat  to  obtain  this  accuracy/precision  considerably  more 
easily,  since  in  this  case  is  not  reguired  absolute  airtightness  and 
cleaning  air  bubbles  from  system,  and  also  less  considerably 
manifests  itself  the  effect  of  a change  in  the  ambient  temperature. 

Spring  dynamometers  thus  far  still  do  not  provide  the  necessary 
accuracy/precision. 
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Fig.  65.  Diagran  of  inductive  deforneteE.  ■ - anchor*  *t,  z2  ~ 
aagnets,  rl#  r2  - resistance,  r0  - control  resistor,  0 - voltage 
across  terminals. 


Page  87. 


6.  Measure aent  of  revolutions. 


Insturaents  for  deteraining  the  engine  speed  and  aggregate/units 
ere  called  tachoaeters  and  total  counters',  in  the  practice  of  tests, 
won  acceptance  the  aechanical,  electroaechanical  and  different 
aagnetic  and  electrical  tachoaeters,  aeasuring  the  iastantaaeous 
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value  of  nuaber  of  revolutions.  During  tasting  of  gas  turbine 
engines*  are  applied  the  tachoaeters  into  the  range  of  1000-20000 
r/ain;  sone  aggregate/units  have  large  revolutions,  for  exanple 
turbines  of  aircraft  turborefrigerating  aggregate/units  have 
cavoLutions  to  100,000  r/ain.  Kith  very  high  revolutions  the  latter 
are  reduced  to  the  value  which  can  be  aeasured  by  the  tachoaeters, 
produced  by  industry,  or  they  are  aeasured  by  the  specially  created 
tachoaeters. 

total  counters  aeasure  the  sun  of  revolutions  in  the  deterained 
interval  of  tine. 


Total  counters. 


Total  counters  are  siaple,  reliable  and  with  constant  engine 
revolutions  are  characterized  by  high  accuracy/precision.  Such 
counters  record  the  nuaber  of  revolutions  of  shaft.  Bade  for  the 
deterained  tiae  interval  (1-2  ain.). 

To  Pig.  66,  is  shown  the  schenatic  of  total  counter. 
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Fig.  66.  Schematic  of  total  counter.  1 - driving/honing  cylinder,  2 - 
worn  gear,  3 - friction  coupling,  4 - the  tags  of  disks,  5 - the 
disks  of  counter,  6 - the  knob/stick  of  the  jettisoning  of  counter 
readouts,  7 - throw-in  lever  of  counter,  8 - the  additional 
knob/button  of  stopwatch,  9 - stopwatch,  10  - the  knob/but  ton  of  the 
return  of  the  arrow/pointer  of  stopwatch  to  zero  position. 

Page  88. 

Counting  aechanisa  consists  of  a series  of  disks  5 with  tags  4, 
connected  consecutively  with  gear  ratio  1/10.  If  right  wheel  aakes 
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1000  revolutions,  then  following  after  it  100  revolutions,  that 
follows  10  and  so  forth.  On  the  surface  of  disks*  there  are  nunerals, 
thanks  to  which  it  is  possible  to  read  nuaber  in  deciaal  systen. 

On  cylinder  1,  freely  sits  the  worn,  and  to  as  long  as  it  it  is 
not  coupled  beaded,  coaputing  nechanisn  does  not  work.  If  we  build  up 
lever  7 upward,  then  is  clutch,  after  being  drop/onitted,  it  will 
connect  worn  beaded  1 it  will  include/connect  coaputing  aechaniss. 
Simultaneously  it  will  occur  and  the  connection/inclusion  of 
stopwatch  9.  (t)o  stop  counter  is  possible  by  pressure  lever  7. 
Knob/button  10  serves  for  the  return  of  stopwatch  to  zero  position, 
while  knob/button  8 is  for  the  independent  starting/launching  of 
stopwatch. 


JL// 
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Electrical  tachoneters. 


Let  us  exaaine  operating  principle  aad  the  eleaents  of  the 
construction  of  the  angnetic-induction  tachoneter  of  type  ITS- 1 (Pig. 
67).  During  the  rotation  of  the  rotor  of  2 sensors  in  the  winding  of 
stntor  1,  is  excited  three-phase  currest  with  the  frequency, 
proportional  to  engine  revolntions.  Current  on  wire/coaduc tors  is 
transferred  to  the  winding  of  the  stntor  of  6 synchronous  notor  of 
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the  aeter  of  revolutions  and  rotates  its  rotor  4. 

On  the  rotor  shaft  of  engine,  is  fastened  a 12-pole 
six-conjugate  nagnet  S.  Between  aagnet  poles,  is  arrange/located 
sensiag  eleaent  - disk  7 in  which  during  the  rotation  of  aagnet  are 
induced  the  eddy  currents.  The  torsional  aoaent,  applied  by  aagnetic 
field  to  disk  7,  is  proportional  to  engine  revolutions.  Helical 
spring  8 balances  the  effective  torque/aqaent ; thus  nuaber  of 
revolutions  is  aeasured  by  the  angle  of  rotation  of  arrow/ pointer  11 
and  the  value  of  nuaber  of  revolutions  absolute  or  in  percentages 
they  are  read  on  scale  10. 

For  the  daaping  of  aeasuring  system  used  aagnetic  retardation; 
between  fixed  aagnets  12  on  the  cylinder  of  arrow/pointer  11  is 
attached  aluainua  disk  9 in  which  are  aiaed  the  eddy  currents. 


A 
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Fig.  67.  Schematic  diagram  aagnetic-induct ion  tachometer  ITE-1 . 1 - 
the  winding  o£  the  stator  of  sensor*  2 - the  rotor  of  sensor*  3 - 
hysteresis  disks,  4 - the  rotor  of  aeter*  5 - six-conjugate  aagnet*  6 
- the  winding  of  the  stator  of  synchronous  motor,  7 - sensing 
element*  8 - spring*  9 - aluainua  dish*  10  - the  scale*  11  - pointer* 
12  - fixed  aagnets. 

Page  89. 

The  interaction  of  the  aagnetic  fields  gf  disk  and  aagaets  is  led  to 
the  appearance  of  braking*  damping  torque/aoaent. 

On  Fig.  68*  is  given  the  longitudinal  section  of  the  aeter  of 
tachoaeter.  deter  consists  of  two  assemblies;  synchronous  aotor  and 


the  aechanisa  of  aeter. 


Synchronous  aotor  consists  of  stator  17  and  rotor  4,  carried  out 
in  the  fora  of  two  crucifora  magnets  5 and  of  the  cell/eleaent  of 
starting/launching  * three  hysteresis  disks  3,  arrange/located  on 
sleeve  2.  The  peraanent  aagnets  are  arrange/located  on  shaft  freely 
and  are  connected  with  it  with  the  aid  of  spring  6,  through  which 
they  transfer  shaft  torque  of  engine. 

Dagnetic  assembly  8 consists  of  two  pay/fccards  with  pressed-in 
of  then  peraanent  aagnets  9.  opposite  of  aagnet  pole  on  walk  against 
each  other  and  concentrate  aagnetic  flux  around  the  periphery  edges 
of  sensing  eleaent  (disk)  for  obtaining  aaxiaua  torque.  The  aechanisa 
of  aeter  has  sensing  element  10,  arrange/located  in  air  gap  of  the 
aagnetic  asseably  between  the  end/faces  of  cylindrical  aagnets- 

Arrow/pointer  11  shows  on  the  scale  of  12  aeters  number  of 
revolutions  per  ainute  of  the  shaft  of  aircraft  engine.  Haterial  of 
sensitive  cell/eleaent  is  the  aluainua-aagnesiua  alloy,  which  has  the 
low  teaperature  coefficient  of  electrical  resistance,  thanks  to  which 
teaperature  change  does  not  have  considerable  effect. 


The  teaperature  coapensation  in  aeter  is  realize/accoaplished  as 
follows:  to  the  aagnets  of  9 aagnetic  asseafaly,  is  installed  aagnetic 


"1 
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shunt  16,  manufactured  froa  the  special  alley  whose  aagnetic 
peraeability  with  an  increase  in  the  teaperature  is  decreased,  and 
with  a teaperature  decrease,  it  increases.  Kith  constant/invariable 
teaperature  of  the  environment,  the  shunt  draws  off  on  itself  the 
part  of  the  working  aagnetic  flux  and  thereby  decreases  the  working 
flow  in  the  clearance  between  nagnet  ends  of  aagnetic  nodes. 

I 

With  an  increase  in  the  teaperature  the  working  aagnetic  flow  in 
the  gap  increases,  while  during  decrease  in  the  teaperature  - it  is 
decreased.  A change  of  working  aagnetic  flow  in  the  gap  because  of  a 
change  in  aagnetic  peraeability  of  shunt  will  agree  with  a change  in 
the  electrical  resistance  of  sensing  element,  retaining  by  alaost 
constant/invariable  the  value  of  torgue  of  system,  created  by 
aagnetic  assembly. 


The  assembly  of  sensing  element  is  fastened  on  three  struts  by 

j 

Ih  adjusting  nuts  15.  in  instrument  there  is  a special  aagnetic 
asseably,  as  a result  of  action  of  which  the  aovable  system  obtains 
braking  torgue/aoaent,  which  raises  the  stability  of  arrow /pointer. 


Sensor  DTE-2  of  tachoneter  (Fig.  69)  , used  together  with 
indicator  ITE-1,  is  three-phase  a-c  generator  with  constant 
four-terai nal  aagnet  as  rotor. 


Fig.  68.  Heter  of  tachoaeter  ITE-1.  1 - shaft,  2 - sleeve,  3 - the 
cell/eleaents  of  starting/launching  (disks  of  hysteresis),  4.  rotor, 

5 - crucifora  aagnets,  6 - spring,  7 - cap/cover,  8 - aagnetic 
asseably,  9 - the  peraanent  aagnets,  10  - sensing  eleaent,  11  - 
rifleaan/g unner,  12  - the  scale,  13  - axle/axis,  14  - strut,  15- 
ad justing  nuts,  16  - shunt,  17  - stator,  18  - three-phase  winding,  19 
- ball  bearings. 
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Rotor  2 they  cast  froa  the  alloy  ANK,  which  possesses  high  induction 
and  considerable  coercive  force.  Rotation  froa  shafting  of  aircraft 
engine  to  the  rotor  of  sensor  is  transferred  with  the  aid  of  stea  4. 

Stator  1 for  decrease  in  it  in  the  losses  froa  eddy  currents  is 
collected  froa  the  plates  of  transforaer  iron.  The  plates  of  stator 
are  isolate/insulated  froa  each  other.  The  stator  winding  - 
four-terai nal  three-phase,  is  Bade  froa  copper  wire.  Each  phase  of 
the  stator  winding  has  4 coils.  The  connection  of  phases  by  star  and 
the  connection  of  the  installation  wires,  which  go  froa  aeter  to 
sensor,  produce  with  three-pronged  jack  6->  With  adapter  nut  5 sensor 
is  fastened  to  the  drive  of  aircraft  engine. 


Together  with  the  sensor  DTE,  is  applied^also  aore  precise 
standardized  ferrodynaaic  bench  tachoaeter (Tsfu^l. 


t 
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Fig.  69.  Sensor  of  tachoaeter  DTE- 2.  1 - stator* 
(f our-terainal  aagnet)  , 3 - shaft*  4 - stea*  5 - 
three- prong  jack. 


2 - rotor 

the  adapter  nut*  6 
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The  carraat  frequency  of  sensor#  proportional  to  the  revolutions  of 
the  shaft  of  aircraft  engine*  in  this  case  is  aeasured  by  the 
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frequency  meter,  carried  out  according  to  res onance-cospen sating 
schematic  (Pig.  70). 

For  the  measurement  of  frequency  in  schematic,  is  utilized  the 
compensating  ferrodynamic  logo me ter  of  alternating  current  with  steel 
magnetic  circuit  1.  For  the  projection  of  yoke  1,  is  wound  coil  3. 
Nobile  coil-frame  4 can  be  turned  around  axle/azis  ~ steel  core. 
Pointer  2 showing  revolutions  is  attached  on  mobile  framework  4. 
Framework  4 is  closed  to  throttle/choke  5'.  During  the  passage  of  the 
current  through  coil  3 in  yoke,  appears  the  alternating/variable 
magnetic  flux,  which  induces  emf  £,  and  calling  the  appearance  of  a 
current  within  coil-frame  4.  As  a result  of  the  interaction  of  the 
fields  of  the  yoke  and  coil-frame,  appears  torgue  M,  which  attempts 
to  turn  arrow/poiater  2 for  position  00,  to  what  contributes  the 
inductance  of  throttle/choke  5.  The  effective  torque/aomen t is 
obtained  as  a resalt  of  the  supply  of  variable  voltage  0 and  of  the 
appearance  of  emf  E,  in  circuit  with  condenser/capacitor  C0  and 
effective  resistance  r a. 


) 


Fixed  coil  3 feeds  from  the  same  source  of  variable  stress  U 
through  condenser /capacitor  C.  The  current  of  the  frnnenork  U is 
function  induced  within  framework  4,  and  also  E„  that  nhich  mas 


conducted  to  the  framework  of  measuring  circuit.  Bole  £«  fulfills 
voltage  on  throttle/choke  5. 
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Torque  of  ferrodynaaic  neasuring  Mechanise  depends  on  the  value 
of  the  current  of  the  franevork  /*,  of  the  nagnetlc  flux  of  fixed 

coil  and  of  tho  phase  angle  between  then; 

Af— *<!»,/,  coif.  (104) 

Scheaatic  is  coeprised  so  that  the  is d act a ace  of  fixed  coil  3 
and  the  capacitance  of  series-connected  capacitor  C at  the 

average/aean  value  of  the  aeasured  frequency  of  this  range  of 

{ 

revolutions  would  be  found  in  resonance. 
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Pig.  70.  Schematic  diagran  of  resonance-coapensating  frequency  aster. 
1 - yoke-aagnetic  circuit,  2 - pointer,  3 - coil,  4 - coil-fraae,  5 - 
throttle/choke. 


Fage  93. 

The  capacitance/capacity  of  parallel  circuit  C0  the  effective 
resistance  of  parallel  circuit  r0*  the  inductance  of  throttle/choke  5 
and  the  effective  resistance  of  franevork  4 are  selected  so  that  at 
the  nediua  frequency  of  the  aeasured  frequency  band  the  current 
aithin  the  fraaework  /„  was  shifted  relative  to  the  flow  fixed  coil  <t>, 
to  angle  of  90°.  Kith  such  relationship/ratios  the  torque/aoaent  of 
the  fraaework  is  equal  to  zero*  aovable  part  it  is  located  in 
eqnilibrina,  and  the  riflenan/gunner  of  iastruaent  shows  the  aiddle 
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of  the  scale. 

During  frequency  change  to  any  side,  is  disturbed  the  resonance 
in  the  circuit  of  fixed  coil  3 and  the  phase  angle  # of  the  current 
of  the  fraaework  /»  becoaes  no  longer  equal  to  90°  relative  to 
nagnetic  flux  Torque/aonent  N of  the  fraaevork  in  this  case  no 
longer  equal  to  tero  and  the  fraaework  diverges  to  the  right  or  to 
the  left  froa  the  aid-position  until  the  phase  angle  e between  the 
current  of  the  fraaework  /*  end  the  aagnetic  flux  <P,  of  fixed  coil 
again  becoaes  equal  to  90°.  Torque  agaiq  proves  to  be  equal  to  zero 
and  the  fraaework  is  stopped  in  the  new  of  positions  of  equilibriua, 
which  corresponds  to  angle  a.  Because  of  the  inductance  of 
throttle/choke  S in  the  circuit  of  the  fraaework,  is  provided  true 
equilibriua  of  the  aoving  eleaent  of  the  logoaeter. 

To  each  value  of  frequency  within  the  liaits  of  this  range 
corresponds  the  deterained  angle  a of  throw  of  pointer  froa  free 
position  00.  Dial  face  can  be  graduated  in  the  portions  of 
revolutions,  revolutions  or  hertzes. 

The  aeter  of  the  described  diagraa  possesses  good 
accuracy/precision,  weak  sensitivity  to  the  fluctuations  of  value  and 
focas  of  cue  voltage. 

1 
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tiesting  tachometers  and  accuracy  of  the  neasurenent  of  revolutions. 

In  given  belo*w  Table  12  is  shown  the  effect  of  an  error  of 
neasurenent  of  revolutions  on  the  accuracy/precision  of  the 
determination  of  thrust/rod  and  specific  consumption  of  the 
fuel/propellant  of  one  turbojet  engine  with  n * 12  000  r/nin. 


Tables  12. 


lay:  (1).  Error  of  neasurenent  in  the  nuaber  of  revolutions.  (2). 
■elative  error,  in  o/o.  (3).  absolute  (r/sin)»‘  (4).  relative  o/o. 
(5).  thrust/rod.  (6).  the  fuel  consumption. 
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Page  94. 

The  precise  eeasareaent  of  nuaber  of  revolutions  can  be  reached 
under  the  condition  of  applying  the  high~quality  tachometers  of  their 
systeaatic  testing.  Tachoneters  are  checked  by  wans  of  the 
conparison  of  their  readings  with  data  of  control  tachometer.  As 
aonitoring  instrument  are  accepted  total  counters*  precise  hour 
tachometers*  the  crystal  or  tuning  f ork-electron-tube  oscillators  of 
frequency. 

One  Of  the  possible  installation  dia grans  for  the  con trol/check 
of  tachoneters  it  is  represented  on  Fig.  71.  Installation  consists  of 
electric  notor  5*  which  can  be  sowed  with  the  aid  of  lever  3 and  the 
friction  drive*  which  consists  of  snail  disk  2 and  large  disk  1.  To 
the  shaft  of  friction  drive*  are  connected  checked  and  control 
tachoneters  4 and  7.  Pricticn  drive  nakes  it  possible  to  snoothly 
change  the  revolutions  of  tachoneters  in  necessary  range.  The 
accuracy/precision  of  the  calibration  of  tachoaeter  depends  on  the 
accuracy/precision  of  control  tachoaeter. 
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Th«  Accuracy/precision  of  total  counters  is  sufficiently  high: 
during  the  eeasureeent  of  revolutions  during  60  s. , the  error  in 
aeasuresent  of  tine  is  obtained  by  0. 0 3-0'. 05  s . , which  gives  error 
with  the  evenly  running  shaft  of  the  engine  of  prder  ♦-O.lo/o. 

The  accuracy/precision  of  the  aagnet ic- induction  tachoneters 
ITE-1,  1TE-2  is  characterised  by  data  given  in  Table  13. 

Larger  accuracy/precision  possess  the  bench  ferrodynanic 
tachoneters  of  types  PT-49  and  PT-49/13.5;  error  of  PT-49  does  not 
exceed  ♦-0.5o/o#  and  error  of  rt-49/13.5  does  not  exceed  *-0.35o/o. 
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Fig.  71.  Installation  for  the  coatrol/check  of  tachometers.  1-  large 
disk  of  friction  drive,  2 - small  clutch  plate,  3 - lever  for 
displacing  electric  motor,  4 - the  checked  tachometer,  5 - electric 
motor*  6 - directing  of  electric  motor,  7 - control  tachometer. 


Table  13.  Accuracy/precision  of  the  magnetic' induct ioa  tachometers 
IT^-1*  ITB-2  depending  on  temperature. 


\l) 

npexeji  HaMepeHHfi 

N 

florpeiuHOCTb  b H npH  teMnepatype  b °C 

+ 20 

0 

+50 

-60 

10—60 

±1.0 

±1.5 

±2.5 

60—100 

±0.5 

±1.0 

±1.5 

100-105  . 

±1.0 

±1.5 

±2.5 

Key:  (1).  Capacity.  (2).  Error  in  o/o  at  the  temperature  in  °C. 
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Very  good  accuracy  o£  the  aeasureaent  of  revolutions  provides  bench 
tachoaeter  TSPU-1  (error  of  aeasureaent  it  does  not  exceed  *-0.20/0) - 

7.  Measurement  of  the  rapidly  changing  values. 

The  rapidly  changing  values  in  VRD  [ BP/1  - jet  engine]  neasure 
with  the  special  sensors,  which  convert  the  nonelectric  parameters 
into  electrical  whose  change  is  record/fixed  by  oscillographs.  The 
recording  of  the  rapidly  changing  revolutions  is  necessary  during  the 
study  of  transient  processes  of  the  engine.  Measureaent  of  the 
rapidly  changing  pressures  and  temperatures  makes  it  possible  to 
study  such  iaportant  processes  as  surge  and  the  excesses  of 
temperature. 

The  steadiness  of  engines  - one  of  the  aost  iaportant  indices  of 
their  suitability  to  operation.  Equilibrium  can  be  estimated,  after 

! 

recording  frequency  and  the  amplitude  of  the  vibrations  of  housing. 

The  recording  of  the  vibrations  of  the  parts  of  coapressors  and 


~'t>-  ■* 
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tacbines  helps  to  deteraine  resonance  engine  operating  nodes  and  to 
reaove  a breakage  in  the  parts  fron  oscillation/vibrations. 

let  us  exaaine  below  the  device  of  oscillographs  and  sensors  for 
the  recording  of  vibrations,  revolutions,  rapidly  changing  pressures 
and  teaperat ures. 

Oscillographs  for  the  recording  of  the  rapidly  changing  processes. 

Oscillographs  are  applied  nagnitoelectric  (train)  and  electronic 
(cathode) . 

Pig.  72,  shows  the  scheaatic  of  the  tail  (or  vibrator)  of 
aagnitoelectric  oscillograph.  Tail  consists  of  permanent  aagnet  4,  in 
field  of  which  is  located  current-conducting  lccp  1,  by  stretched 
spring  5 and  *hich  rests  on  two  insulating  prisas  2.  To  loop  is  stuck 
airror  3.  If  through  the  loop  passes  alternating  along  amplitude 
current,  then  due  to  the  interaction  of  the  fields  of  loop  and  aagnet 
airror  will  oscillate  and  the  falling/incident  to  it  ray/beaa  will 
diverge.  For  the  daapiag  of  oscillation/vibrations  after  the 
disappearance  of  driving  pulses,  this  systea  is  iaaersed  in  oil.  The 
frequency  of  record/written  by  such  loops  oscillations  does  not 


J 
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exceed  10  000  Hz. 

Fig.  73,  shows  the  optical  diagraa  of  loop  oscillograph.  Light 
beaa  f roi  bulb  1 passes  through  2 and  diaphraga  3; 

with  the  aid  of  refracting  prisa  4,  it  heads  for  the  airror  of  loop 

10. 

Under  the  effect  of  alternating  current,  passing  through  the 
lcop  of  circuit,  the  airror  oscillates  and  the  beaa  of  light,  which 
goes  to  deflecting  prisa  9,  also  oscillates. 

Page  96. 

The  part  of  the  ray/beaa,  passed  through  deflecting  prisa  9,  falls  on 
rotating  angular  airror  drua  8.  Because  of  the  faces  of  drua  8,  it  is 
possible  to  obtain  scanning  ray/beaa  froa  tine  and  to  observe  the 
curve  of  process  on  natte  screen  5. 

The  part  of  the  ray/beaa,  which  passes  above  prisa  9,  through 
cylindrical  lens  6 falls  cn  rotating  drua  7,  on  which  is  located  the 
photographic  paper.  Along  with  the  curve  of  process  on  photographic 
paper,  he  is  record/written  the  sinusoid  curve  the  period  of 
oscillatioa/vibration  of  which  is  accurately  known  (for  exaaple,  500 
Hz).  This  curve  gives  one  of  the  tails  cf  oscillograph,  called  tiae 
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■acker.  The  curve  of  tiae  marker  is  design/projected  also  for  aatte 
screen  5. 


Hide  acceptance  in  our  industry  obtained  universal  eight- loop 
■agnitoelectric  portable  oscillograph  HPO-2.  It  is  convenient  in 
operation,  has  small  dimensions  and  weight.  The  optical  recording  of 
processes  in  it  is  produced  to  the  notion  picture  fila  with  a width 
of  35  ■■  up  to  5 a/s  in  speed.  Because  of  large  sensitivity  of  aotion 
picture  fila  in  MPO-2  as  the  light  source  is  applied  the  electric 
laap  by  the  power  altogether  only  7.5  V. 


For  recording  of  high-fregueacy  oscillations,  are  applied 
electron  oscillographs  (Fig.  74) . 


Pig.  72.  Tail  of  aagnitoelectric  oscillograph.  1 - loop,  2 - the 
knife  edge,  3 - mirror,  4 - Magnet,  5 - tension  spring. 
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Pig.  73.  Schematic  of  loop  oscillograph.  1 * the  light  source,  2 
condenser,  3 - diaphragm,  4 - the  refracting  prisa,  5 - the  aatte 
screen,  6 - cylindrical  lens,  7 - drua  with  photographic  paper,  8 
angular  nirror  drua,  9 - the  deflecting  prisa,  10  - tail. 
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Fig.  74.  schenatic  of  cathode-cay  oscillograph.  1-  cathode,  2 - 
diaphraga,  3 - the  anode,  4,  5 - the  deviating/def lecting  plates,  6 - 
shield. 

Page  97. 

incandescent  cathode  1 eeits  the  electrons  which  are  passed  through 
the  slot  in  diaphraga  2 and  are  accelerate/dispersed  with  the 
electric  field  of  anode  3;  narrow  electron  lean  passes  between 
deviating/deflecting  vertical  and  horizontal  plates  4 and  5.  Each  of 
the  pairs  cf  plates  has  the  isolated/insulated  conclusion/ derivations 
froa  tube.  On  of  the  pairs  of  plates  it  is  connected  to  the  voltage, 
which  changes  according  to  that  deterained,  for  exaaple,  to  linear 
law.  To  the  second  pair  of  plates,  is  cgnnected  the  studied  voltage. 
Under  the  effect  of  the  fields  of  plates,  the  ray/beaa  is  described 
curve  on  shield  6,  covered  with  the  fluorescing  coaposition.  With  the 
aid  of  photo  attachaent  the  curve  can  be  photographed  and  then 
studied. 

fleasureaent  of  engine  vibration. 


During  testing  of  full-scale  engines,  they  are  record /written 
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their  vibration,  instrunents  for  the  aeasurenent  of  vibrations  call 
vibrographs.  They  consist  of  sensors,  the  integrodif ferent iating 
anplifiers  and  indicator-  Thus,  for  instance,  in  the  assenbly  of  the 
vibrograph  AV-42  enters  6 sensors  (4  horizontal  and  2 vertical),  3 
integrodifferentiating  anplifiers,  switchboard  and  the  connection 
hoses'.  Headings  of  vibrograph  can  be  recorded  with  any  loop 
oscillograph. 

He  will  be  restricted  to  the  exanination  of  the  device  of  the 
sensor  of  vibrograph  (Fig.  75).  Heavy  nagnet  4 with  the  aid  of 
axle/axes  8 is  supported  in  bearings  6,  pressed  by  cap/covers  1,  and 
it  can  freely  be  noved  along  housing. 

Springs  2 and  5 are  the  resilient  nountings  of  nagnet.  The 
natural  frequency  of  the  systen  of  spring  - nagnet  is  considerably 
lower  than  the  frequency  of  the  engine  being  investigated  or 
assenbly;  therefore  during  engine  vibration,  nagnet  renains  fixed 
(along  axle/axis),  and  the  housing  of  sensor,  fixed  by  flange  9 to 
engine,  oscillates.  Hagnetic  flux  is  passed  through  clearances  and  is 
closed  to  the  iron  housing  of  sensor. 

Page  98. 

Magnet  is  inserted  into  coil  3 with  the  winding  whose  one  end  energes 
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to  terainal  7 , and  another  is  connected  with  the  housing  of  sensor. 

As  a result  of  the  notion  of  the  housing  of  sensor  and  coil 
relative  to  nagnet  in  coil  is  induced  eaf  whose  value  is  determined 
from  the  for aula 

E = cv.  (105) 

where  E - eaf  in  iV;  c - coefficient  in  mV  s/mm;  v - the  speed  of 
relative  notion  in  na/s. 

Sensitivity  of  sensor  is  determined  from  the  formula 

\<=4~,  (ioro 

where  s is  amplitude  of  vibrations  in  an;  f is  a vibration  frequency 
in  Hz. 

Since  a change  in  eaf  of  proportionally  to  the  speed  relative 
notion  of  housing  and  nagnet,  in  amplifier  is  included  the  schematic 
cf  differentiation  of  eaf  and  its  integration;  integration  gives 
displacenent/aoveaent  curve,  and  differentiation  - accelerations. 

Vibrograph  normally  works  at  frequency  20-300  Hz;  to  the 
amplitude  of  acceleration  0.5-10.0  g,  to  the  amplitude  of  speed 
10-375  an/s,  to  the  amplitude  of  displacement  0.02-1.5  am. 
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Fig.  75.  Sensor  of  vibrograph.  1 cover,  2,  5 - spring,  3 - coil,  4 
nag  net,  6 - bearing,  7 - terminal,  8 - the  azle/axis  of  Magnet,  9 
flange. 
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Pi  g.  76.  Circuit  of  the  recording  of  the  instantaneous  value  of 
angular  velocity  and  the  speciaen/saaple  of  oscillograa.  1 - 
oscillograa,  2 - is  curved  of  revolutions,  3 - base  line. 

Key:  (1)  r/ain.  (2).  From  tachogenerator.  13).  Tail. 

Page  99. 

Reasurenent  of  the  rapidly  changing  revolutions. 

An  oscillograph  can  be  utilized  as  total  revolution  counter  and 
for  the  recording  of  the  instantaneous  value  of  angular  velocity. 

Pig.  76,  gives  scheaatic  for  the  recording  of  the  instantaneous  value 
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of  angular  velocity  and  the  speciaen/sasple  of  oscillograa.  The 
voltage  of  three-phase  tachogenerator  is  fed  to  the  selenina 
rectifier.  For  the  saoothing  of  pulsations  into  schematic,  is 
included  the  filter. 

Rectified  constant  voltage  V is  fed  through  the  additional 
resistance  Rno«  to  the  shunted  (Rm)  tail  cf  oscillograph.  For 
sensitization,  the  schenatic  is  equipped  by  the  conpensating  duct  in 
which  enters  the  battery  B and  resistance  R„.  The  currents  of  source 
B and  of  tachogenerator  are  deducted;  during  a change  in  the 
revolutions,  a difference  in  the  currents  is  changed,  which  is  led  to 
the  deflection  of  the  tail  of  oscillograph. 

Heasureaent  of  the  rapidly  changing  pressures. 

For  the  aeasureaent  of  the  rapidly  changing  pressures,  they 
apply  two  groups  of  the  sensors: 

f)  the  sensors,  sensing  eleaent  of  which  are  elastic 
diaphraga/nenbranes; 


2)  the  seasors  whose  seasiag  eleaent  changes  its  physical 
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properties  under  the  effect  of  the  changing  pressure. 

the  first  group  of  sensors  includes  capacitive,  the  aeters  with 
the  wire-strain  gauges,  inductive,  ion-aechanical. 
optico-nenbrane/diaphragn.  nagnetocoapensating. 

To  the  second  group  of  sensors,  are  related  piezoelectric, 
nagnetostricti ve.  electrokinet ic,  radioactive- ionizing,  carbon. 

Page  100. 

Hith  the  operating  principle  of  these  sensors,  it  is  possible  to 
becone  acquainted  in  detail  according  to  G.  P.  Katys's  book.  1 - 


FOOTROTE  ».  G.  P.  Katys.  nethods  and  instruaents  for  the  aeasurenent 
of  the  paraaeters  of  nonstationary  theraal  processes.  Hashgiz  [ Mamno 
- State  Scientific  and  Technical  Publishing  House  of  Literature  on 
Hachiaery  Hanufacture].  1959.  ERDFOOTROTE. 


Let  us  ezaaine  the  operating  principle  of  the  aost  frequently  used 
iadoctive  and  piezoelectric  quarts  crystal  sensors. 


( 


DOC  - 77233208  PAGE  -iff 

Pig.  77,  shows  pressure  unit  with  inductance  pickup.  In  this 
sensor  under  the  action  of  pressure  differentials,  is  deflected 
diaphraga/aeabrane  3.  With  sagging/deflection  is  disturbed  bridge 
balance  in  which  is  included  the  sensor  and  this 
disturbance/breakdown  it  is  recorded  in  the  final  analysis  with 
oscillograph. 

This  receiver  depending  on  the  thickness  of  diaphraga/aeabrane 
can  be  utilized  for  recording  of  different  pressure  differentials. 
Thus,  for  instance,  with  the  thickness  cf  diaphraga/aeabrane  0.025  an 
it  is  possible  to  aeasure  the  junp/drop  froa  0 to  0.05  kg/cn*,  and 
with  thickness  0.20  ns,  are  froa  0 to  5 kg/ca*.  Because  of  the  low 
size/diaeasions  of  the  cavities  the  distortions  of  aeasured  drops  do 
not  ezceed  I0o/o  to  frequencies  400  Hz.  Receiver  has  insignificant 
weight  and  Can  be  Bade  ■ in i at u re/s  nail. 

Piezoelectric  guartz  crystal  sensor  for  the  aeasureaent  of  the 
rapidly  changing  corsiderable  pressures  (order  of  several  dozen 
ataosphere)  is  shown  in  Pig.  70.  This  seusor  enters  in  piezoelectric 
guartz  crystal  indicator. 

Host  iaportant  eleaent  of  sensor  is  quartz  plates  6 with  pressed 
between  then  isolated/insulated  slip  ring  5. 
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Fig.  77.  Pressure  unit  with  inductance  pickup.  1 - magnetic  circuit 
from  Permalloy,  2 - winding,  3 - diaphragm/aeabrane,  4 - branch  for 
the  supply  of  pressure. 


Fig.  78.  Piezoelectric  guartz  crystal  sensor  for  the  measurement  of 
the  oscillating  pressures.  1 - the  isolated/insulated 
conclusion/derivation,  2 — insulator,  3 - water  pipe,  4 - the  housing 
of  seasor,  5 - the  isolated/imsulated  electrode,  6 * guartz  plates,  7 
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- the  spring  of  the  preconpression  of  the  colunn  of  quartz  plates,  8 

- coolant  passage,  9 - cap  for  the  transfer  of  effort/force  to  quartz 
plates,  10  - sealing  diaphr agn/nenbrane. 

2 
I 

P 

Fig.  79.  Scheaatic  diagram  of  piezoelectric  indicator.  1 - 
piezoelectric  quartz  crystal  plates,  2 - piezoelectric  quartz  crystal 
sensor,  3 - condenser/capacitor,  4 - electrometer  tube,  5 - amplifier 
tube,  6 - the  tail  of  oscillograph. 

Page  101. 

The  variable  pressure  of  gases  is  transferred  through  sealing 
diaphraga/neabrane  10  and  cap  9 to  the  piezoelectric  quartz  crystal 
plates,  which  convert  the  work  of  forces  of  pressure  into  electric 
power'.  So  that  the  sensor  would  not  be  overheated,  it  is  cooled  by 
waters 

Fig.  79,  shows  one  of  the  possible  schenatics  of  piezoelectric 
quart*  crystal  indicator.  Piezoelectric  quartz  crystal  plates  are 


i 
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arrange/located  so  that  the  electric  charges,  which  are  foraed  as  a 
result  of  their  compression,  have  one  sign  (sinus)  and  ace 
remove/taken  by  slip  ring.  Positive  charges  depart  to  aass.  The  value 
of  the  appearing  charges  is  proportional  to  the  effective 
effort/forces.  Thus,  force  neasureaent  in  such  indicators  is  replaced 
by  the  neasureaent  of  electric  charges. 

is  the  aeter  of  charges,  is  applied  the  vacuuatube  voltaeter. 
Charge  fro a guartz  plates  1 is  fed  to  ccqdenser/capacitor  3 and 
ccntrol  grids  of  electrometric  tube  4.  Under  the  effect  of  the 
created  potential  changes  the  anode  current  of  tube,  which  can  be  in 
principle  measured  by  galvanometer-  This  current  will  be  proportional 
to  the  acting  on  guartz  plates  force.  The  current  of  tube  4 too  weak; 
therefore  it  is  strengthened  with  the  aid  of  tube  5. 

In  the  anode  circuit  of  tube  5,  is  connected  the  tail  of  6 
oscillograph.  In  parallel  to  tail  6 through  adjustable  resistor  R«  is 
included  battery  for  the  compensation  for  the  zero  current  of 
amplifier.  Piezoelectric  guartz  crystal  indicators  are  used 
extensively  during  the  study  of  fluctuaticns  of  pressure. 

A shortcoming  in  the  piezoelectric  guartz  crystal  sensors  is  the 
dependence  of  the  value  of  piezoelectric  effect  from  temperature.  At 
temperature  of  570°C,  guartz  completely  loses  property  to  create 
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electric  charges  under  e££ect  of  pressure. 

Page  102. 

Accuracy  of  the  leasureient  of  the  rapidly  changing  values. 

To  determine  the  accuracy  of  the  measurement  of  the  rapidly 
changing  values  is  very  complicated.  Vibrograph  described  earlier 
AV-42  gives  a basic  error  in  the  determination  of  any  parameter  of 
vibration  without  taking  into  account  of  an  error  in  interpretation 
♦-IO0/0  in  frequency  range  25-300  Hz  and  ♦-15o/o  in  frequency  range 
20-25  Hz. 

An  error  of  measurement  angular  variable  speed  is  composed  of  an 
error  in  the  tine  marker  and  interpretation  of  oscillograms.  The 
accuracy/precision  of  interpretation  can  be  increased  because  of  an 
increase  in  the  velocity  of  the  movement  of  photographic  paper.  An 
error  in  the  tails  with  oil  damping  reaches  to  «—3o/o,  and  with 
electromagnetic  - to  ♦- 1. 5o/o. 


An  error  in  the  meters  of  the  rapidly  changing  pressures  is 
evaluated  at  5-7o/o  and  is  cos prised  fraa  errors  in  the  receiver. 
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aaplifier  and  oscillograph. 

8.  Heasureaent  of  oscillations  and  teaperature  of  rotating  parts. 

Is  developed  a series  of  the  aethods  of  the  aeasnreaent  of 
oscillations  and  teaperature  of  rotating  parts.  So*  for  the  recording 
of  oscillations  are  applied  capacitive  and  strain  gauges*  the  sensors 
of  the  carbon  type,  etc.  For  the  aeasureaent  of  the  teaperature  of 
parts*  are  applied  the  t her aocou pies,  t h®  set  hod  of  aeasureaent 
according  to  the  scale  of  hardness,  with  the  aid  of  fuse  links, 
theraocolors,  etc.  Let  us  exaaine  widespread  aethod  of  the 
aeasureaent  of  oscillations  with  the  aid  of  strain  gauges  and  the 
aethod  of  the  aeasureaent  of  the  teaperature  of  rotating  parts  with 
the  aid  of  theraocouples* 


Oscillation  aeasureaent  with  the  aid  of  strain  gauges. 


Oscillation  aeasureaent  with  the  aid  of  strain  gauges  is  based 
on  the  use  of  a property  of  soae  aetals  to  noticeably  change  its 
ohaic  resistance  during  deforaation.  As  aaterials  for  strain  gauges. 
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are  applied  const an tan,  Nichroae,  nanganin,  Chroael,  etc.  In  strain 
gauges  usually  is  utilized  the  wire  with  a diaeeter  of  0.0  1-0.03  n. 
The  wire  is  glued  up  between  the  strips  of  fine/thin  paper  in  the 
fore  of  flat/plana  loops,  as  shown  in  Fig<w  80.  strain  gauges  stick  on 
the  part  being  investigated  with  which  they  together  traasforn. 

During  deforaatioe  SI  aa  of  resistance  strain  gauge  its  is 
changed  according  to  the  law 

SR-kR±j,  (107) 

where  AB  is  a change  in  the  resistance  gf  wire;  k - strain  gauge 
factor;  R is  an  initial  resistance;  / is  length  of  wire  with  zero 
voltage. 

Page  103. 

The  accuracy  of  neasurenents  with  the  aid  of  strain  gan <es  in 
essence  depends  on  their  quality  and  the  quality  of  gluing.  The 
surface  of  part  are  worked  with  purity/finish  not  below  V I;  the 
prises  of  treataeat  nust  be  furnished  perpendicular  to  the  loops  of 
sensor.  For  cenenting  and  gluing,  are  applied  the  glees:  celluloid, 
carbinol,  bakelita,  bakelite-phenol  (BP-2,  BF-S),  etc. 


Strain  gauges  with  the  aid  of  vire/coaductors  are  connected  in 


^7 
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the  seasuring  systes,  fulfilled  usually  accocdiag  to  the  scheaatic  of 
potentioeetric  or  single  bridge. 


aa,  1 - the  lower  layer  of  paper,  2 - an  upper  layer  of  paper,  b - 
strain  gau9e  for  bases  5 aa  and  less  with  fish  winding,  c - strain 
gauge  of  foil  with  the  saaller  coefficient  of  transverse  strain 


sensitivity,  d - strain  gauges  for  the  analysis  of  the  coaplex 


stressed  state. 
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Pig.  81.  Connections  of  strain  gauges,  a is  a scheaatic  of 
potentioaetric  switching  on#  #,  - resistance,  *„  - strain  gauge,  C 
- condense r/capacit or , n - aeter  (electron  oscillograph)  , b are  a 
scheaatic  of  single  bridge,  B*  ft3  - resistance,  Ba  and  R4  - strain 
gauges. 


Page  104. 

The  scheaatic  of  potentioaetric  switching  on  (Pig.  81a)  is 
applied  when  they  are  interested  only  in  variable  coaponent  of 
resistance.  The  constant  coaponent  resistance  they  precipitate  on 
converter  R„  by  condenser/capacitor  C.  As  aeter  H usually  is 
utilised  the  oscillograph. 

More  considerably  frequently  apply  the  scheaatic  of  the  single 
bridge  (Pig.  81b),  in  one  or  two  aras  of  which  connect  working 


converters.  For  dynaaic  neasureeents  usually  is  utilized  the 
schematic  of  noneq uilibriua  bridge.  In  this  case  the  neasuresent  is 
conductn  directly  fcon  reading  of  neter  H,  connected  in  diagonal 
bridge. 

Since  a change  in  the  resistance  of  strain  gauge  very  little, 
should  special  attention  focus  on  the  ccnpensation  for  a change  in 
its  resistance  due  to  the  fluctuations  of  teaperature,  and  also  to 
the  effect  of  a difference  in  the  coefficients  of  the  expansion  of 
part  being  investigated  and  nateriai  of  strain  gauge.  Teaperature 
effect  on  the  accuracy  of  aeasureaent  can  be  considerably 
attenuate/veakened  by  the  inclusion  into  adjacent  bridge  ara  (on 
opposite  side  of  aeasuring  diagonal)  of  the  special  conpensating 
sensor  for  which  are  created  the  sane  teaperature  conditions  that  and 
for  a basic. 
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Pig.  82.  Arrangeaant  of  strain  gauge  on  blade  and  the  scheaatic  of 
wiring/run  froa  strain  gauge  to  slip  ring'.  1 - strain  gauge,  2 - t 
silver  electric  insulated  rings,  3 - brush. 


Fig.  83.  Measuring  circuit  of  temperature  by  compensation  method.  1 - 
the  aillivoltaeter  of  fixed  thermocouple,  2 - thermostat,  3 - the 
junction  of  fixed  thermocouple,  4 - the  cold-soldered  joint  of  the 
rotating  thermocouple,  5 - zero-adjustment  instrument,  6 - turbine 
rotor,  7 - hot  junction  of  the  rotating  thermocouple  (is 
establish/installed  in  part),  8 - contact  disks,  9 - the  sliding 
clamped  contacts,  10  - rheostat. 


Page  105. 

Fig.  82,  gives  an  example  of  gluing  strain  gauge  on  compressor 
blade*.  Transmission  of  current  to  strain  gauge  and  from  it,  with  the 
insignificance  of  current  itself  and  its  oscillations,  represents 
difficult  task.  In  the  case  in  question  it  is  solved  as  follows. 
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The  wiring/run  of  strain  gauge  1 is  connected  to  the  electric 
insulated  silver  rings  of  2 anchors  of  slip  ring;  on  these  rings  slip 
fixed  brushes  3 of  the  constantan  wire  with  a dianeter  of  0.2  an. 
Brushes  3 are  pressed  against  rings  2 by  elastic  force  and  provide  a 
good  current  pickup  with  the  insignificant  near  of  rings. 

Heasureaent  of  the  teaperature  of  parts. 

The  aeasureaent  of  the  teaperature  of  stationary  parts  does  not 
usually  present  special  difficulties.  Tberaocouple  is  filled  up  into 
part  and  its  aire/conductors  are  lead  off  as  auch  as  possible  over 
isotheraal  surface  (for  decrease  in  the  heat  withdrawal  froa  the 
regulas  of  thermocouple) • Considerably  the  complex  problea  of  the 
aeasureaent  of  the  teaperature  of  the  rapidly  rotating  parts,  for 
ekaaple  blades  and  turbine  disks. 

Let  us  examine  the  method  of  aeasureaent  of  the  teaperature  of 
the  blades  by  compensation  method  with  the  aid  of  thermocouples, 
shown  in  Fig.  83. 
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Page  .106. 

(Hot  junction  of  7 thermocouple  is  sealed  into  tlade.  Hire/conductors 
on  turbine  disk  aad  shaft  are  aatched  up  disks  8 with  the  contacts. 
Bade  froa  silver.  For  wire  insulation,  are  applied  steatitic  tubes. 
Sire/conductors  connect  up  disks  by  soldering. 

Contact  disks  8 transfer  current  to  sliding  contacts  9 of  the 
constantan  wire.  The  current  of  aeasuring  theraocouple  is  coapensated 
for  by  the  current  of  cold-soldered  joint  4,  subaerged  in  theraostat 
2.  The  teaperature  of  thermostat  measures  with  fixed  theraocouple  3. 
At  the  torque/aonent  when  the  temperatures  of  the  joint  of  7 joint  4 
are  equal*  highly  sensitive  airror  galvanometer  5 shows  zero  current. 

The  advantage  of  coapensation  aethod  is  a considerable 
reduction/ descent  in  the  role  of  contact  resistance  in  circuit  and 
therefore  the  increased  accuracy  of  neasureaeats.  A shortcoaing  in 
this  aethod  is  the  duration  of  experiaentation  due  to  the  thermal 
inertia  of  thermostat. 

% ^ f • r ••  i» 
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Chapter  IV. 

Testing  laboratories  of  engines,  their  assemblies  and 
aggregate/ units. 

Laboratories  are  organized  with  the  experimental  design  bureaus 
of  plants,  in  scientific  research  and  acadeaic  institutes. 

Primary  task  of  plant  laboratories  is  an  adjustment  of  operating 
conditions  and  strengths  of  aggregate/ units  and  engine  components 
above  which  works  this  plant  or  the  group  of  plants. 

In  the  laboratories  of  institutes,  are  carried  out  scientific 
research  works  in  the  region  of  operating  conditions  of  engines  and 
their  aggregate/units,  and  also  intensified  research  on  the 
ch ar ad ter i sties  of  engines  and  their  cell/eleaents. 
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H igh-altituda  stands  of  full-scale  engines  usually  are  located 
in  the  systea  of  scientific  research  institutes. 


1.  General  information  about  the  equipment  of  laboratories. 


To  experimental  laboratories  present  the  following  basic 
requisenen  ts: 

1)  the  equipaent  of  laboratory  must  correspond  to  assigned 
before  it  missions; 

2)  the  systeas  of  measurements  aust  provide  precise  and  rapid 
recording  of  the  necessary  values; 

3)  laboratories  aust  be  provided  with  all  forms  of  power 
feed/supply; 

%)  combustion  products  of  fuel/propellants  and  spent  fluids  must 
not  cpntaainate  the  surrounding  space; 


3*7 
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5)  testing  units  must  have  sound- deadening  devices. 

Let  us  examine  power-supply  systems  and  the  basic  eguipaent  of 
laboratories. 


Pneumatic  system. 


Yhe  pneumatic  systems  of  installations  are  more  complex  thao  the 
similar  systems  of  plant  experimental  stations,  especially  in  the 
case  of  the  imitation  of  flight  conditions. 

Page  308. 

For  obtaining  on  the  engine  inlet  of  the  necessary  speed  and  air 
pressure,  is  compressed  in  special  blowing  plants,  it  is  preheated 
either  is  cooled  in  heat  exchangers,  is  dried  or  is  moistened.  In  the 
uqits  of  short-term  action,  the  air  is  preliminarily  pumped  by 
compressor  into  receivers  (bottles)  and  during  tests  is  fed  to 
engine.  In  the  units,  intended  for  endurance  tests  the  air  is  fed  to 
ei^gine  from  the  compressor,  which  ensures  the  necessary  flow  rate  and 
air  pressure. 
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for  air  coapression,  axe  applied  the  centrifugal  or  axial-flow 
compressors,  driven  by  electric  motors,  steaa  or  gas  turbines.  Piston 
coapressors  find  a use  when  is  necessary  a coaparatively  5 Ball 
quantity  of  air  with  large  pressure  (for  exaaple,  for  pulse 
installations  with  receivers). 

To  obtain  the  necessary  air  speed  at  the  engine  inlet  is 
possible  and  by  other  methods,  for  exaaple,  using  as  blowers  a series 
of  TRD  -[turbojet  engine]  whose  part  of  the  air  is 

take/selected  directly  after  supercharger  and  is  fed  to  the 
coaaoo/gen eral/tot al  paeuaatic  systen,  which  feeds  engine.  The 
advantages  of  the  application/use  of  a series  turbojet  engine  for 
obtaining  air  with  the  coaparatively  high  paraaeters  are  explained  by 
the  coapactness  of  the  obtained  unit,  which  coabines  in  one 
aggregate/unit  the  source  of  thickness  - turbine,  strictly  the  source 
of  air  - compressor  and  all  the  necessary  power  supply  units,  cooling 
and  regulation. 

{n  the  aost  widely  used  scheaatic  of  blower  on  base  of  TRD  (Fig. 
80)  decrease  in  the  quantity  of  gas,  passing  through  the  turbine  of 
engine,  is  coapensated  for  by  the  expansion/disclosure  of  jet  nozzle. 
Thus  turbine  works  on  pressure  differentials  increased  in  coaparison 
with  design.  For  the  increase  in  the  service  life  of  engine,  utilized 

as  blpwer,  it  follows  as  far  as  possible  to  restrict  the  teaperature 

of  the  gases  before  turbine  value  T*^  = 800-850°K. 


Fig.  84.  schematic  of  blower  with  air  bleed  after  coapressors  of 
turbojet  engines.  1 - the  entry  of  air  in  TBD,  2 - THD,  3 - the 
ejection  of  gases  froa  TED,  4 - air  bleed  after  coapressor,  5 - the 
throttle  plate,  6 - air  col lector /receptacle,  7 - ejector  device,  8 - 
the  supply  of  air  to  the  cabin/coapartaent  cf  tests. 


Page  109. 


1 

For  ao  increase  of  the  aass  of  air  into  systea,  can  be  included  the 
ejector,  but  this  is  led  to  pitot  loss. 

For  the  prevention/warning  of  sweating  or  snow  in  the  systea  of 
air  supply,  the  air  is  dried.  As  aoisture  absorbers  are  applied 
silica  gel,  the  aluaogel  and  the  activated  bauxite.  Fig.  85,  shows 
the  scheaatic  of  the  drying  device.  During  operation  of  shutter/valve 
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a*  b,  d,  are  closed  and  air  passes  through  filters  5 and  7 and  drying 
sections  6 into  channel.  After  the  saturation  of  dryer  by  aoisture  is 
produced  its  regeneration*  for  which  shutter/valve  b,  c,  e they  are 
closed.  During  the  regeneration  of  noisture  absorber*  the  air  is 
drawn  in  through  inlet  cascades  4 by  fan  3*  it  is  preheated  eith  the 
aid  of  the  coebustion  of  fuel/propellant  in  the  chambers*  it  passes 
through  drying  sections  6 and  is  abstr act/reaoved  through 
shutter/valve  d.  Cooler  2 in  this  case  is  turned  off. 

fn  accordance  with  the  character  of  the  leading  tests  entering 
engine  air  it  is  necessary  either  to  heat  or  to  cool. 

barge  quantities  of  air  are  preheated  by  the  coabustion  of 
fuel/propellant  or  with  the  aid  of  the  heat  accuaulators.  In  the 
first  case  the  air  is  contaainated  by  coabustion  products,  which  is 
reflected  in  the  work  of  the  tested  object.  Fig.  86*  shows  the  part 
of  the  heat  accuaulator*  which  is  of  steel  aatrix/dies  the  total 
weight  of  36  t*  heated  by  electric  heaters  by  the  power  of  1500  kM. 
Along  the  length  the  storage  battery/accuaulator  is  divided  on  three 
sections;  the  established/installed  between  then  shutter/valves  sake 
it  possible  to  support  with  the  aid  of  poeuaatic  regulators  the 
assigned  outlet  tenperature  froa  each  section. 


I 
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Pig.  85.  Schematic  of  air-dryer.  1 - preheating  torches,  2 - the 
coolant  of  air,  3 - fan,  4 - inlet  cascade,  5 - prinary  filter,  6 - 
drying  sections,  7 - secondary  filter. 

Page  110. 

Special  thernostats  Unit  the  naxinun  permissible  temperature  of 
aatriy/dies. 

Electrical  preheating  during  the  full-scale  tests  of  engines  is 
unprofitable  due  to  the  high  expenditures  of  electric  power  (heating 


50  kg/s  of  air  on  540°  it  requires  sore  than  25  altitudes  kH) . The 
najority  of  stands  of  full-scale  PHD  work  with  the  preheaters  in 
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which  is  burned  the  hydrocarbon  fuel  (gas,  kerosene,  petroleua). 

Por  the  decrease  in  the  teeperature  of  air,  which  enters  the 
eqgine  are  applied  centrifugal  expanders,  which  are  a turbine  whose 
power  is  absorbed  by  brakes.  The  role  of  brake  usually  fulfills  the 
centrifugal  iepeller,  draw-in  air  fron  the  ateosphere.  Por  cooling  of 
air,  are  utilized  also  freon  refrigerators,  in  this  case  the  air  is 
cooled  in  the  heat  exchanger  through  which  circulate  the  vapors  of 
Freonw  The  pressure  of  the  entering  the  engine  air  is  regulated  with 
the  aid  of  throttle/chokes  and  bypasses. 


The  size/dinensions  of  air-supply  nain  lines  aust  be  sufficient 
for  the  transsission  of  calculated  quantities  of  air  with  the 
peraissible  losses  of  pressure. 


The  serious  problea  of  the  design  cf  the  air  duct  is  its 
adaptation  to  a wide  range  of  the  air  flow  rates.  Virtually  it  is  not 
possible  to  rapidly  change  pressure  and  teaperature  of  air  at  the  low 
consuaption  in  the  conduit/aanifolds,  designed  to  considerably  larger 
consuaption.  To  a considerable  degree  this  is  related  to  air  heaters. 
Hence  follows  the  conclusion  that  the  propulsion  test  facilities  aust 
have  several  feed  systeas  of  air  froa  receivers  or  coapressor 
station. 
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Exhaust  systea. 

For  decoapression  of  gases  for  the  purpose  of  the  iaitation  of 
high-altitude  couditions  on  exhaust  the  testing  units  equip  with  the 
systea  of  precooling  and  suction  of  gases.  Gases  can  be  drawn  off 
with  the  aid  of  the  exhausters,  given  into  action  by  electric  aotors 
or  turbines. 


DOC  = 77233209 


PAGE  4 -3 


V 


i 


Page  111. 

It  is  possible  to  apply  the  exhausters,  carried  out  on  the  base  of 
secies  turbojet  engines.  In  sone  cases  ace  utilised  also  the 
■ultistage  steaa  ejectors,  fed  by  vapor  fros  the  storage 
battesy/accueulators,  loaded  frca  boilers. 

Cooling  exhaust  gases  can  be  reached  in  heat  exchangers  (the 
cooling  agent  - eater),  or  by  injection  of  water  in  the  flow  of 
gases*  Systen  with  injection  siapler  and  is  nore  advisable,  since 
reduces  to  the  nininua  explosion  hazard,  possible  with 
stacting/launching  oc  hitch  of  the  tested  engine.  Sonatinas  ace 
applied  siaultaneously  both  aethods. 
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Fuel  system. 


The  fuel  systeas  of  laboratory  are  characterized  by 
universality,  great  possibilities  of  the  flow-rate  control,  pressure 
aqd  temperature  of  fuel/propellant  at  the  engine  inlet,  and  also  a 
large  quantity  of  aonitoring-aeasuring  equipment.  With  the  imitation 
of  high-altitude  conditions,  are  required  two  independent  fuel 
systeas.  The  fuel  tank  of  the  first  system  is  furnished  outside 
he at and pressure  siaulation  chaaber,  the  fuel  tank  of  the  second  - 
vithia  heatandpressure  siaulation  chaaber,  which  aakes  it  possible  to 
change  pressure  and  teaperature  of  fuel/propellant  in  tank. 


Support  systems. 


In  the  number  of  the  auxiliary  devices  of  laboratories,  nust  be 
located  ti*e  pumping  plants,  which  ensure  the  supply  of  large 
quantities  of  water  for  cooling  of  installations,  exhaust  gases, 
fuel/propellants,  etc.  The  existing  pumping  plants  with  high-altitude 
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laboratories  for  the  studies  of  jet  engines  provide  water  supply  to 
25  ■ >/ain.  With  large  consumption  the  water  is  cooled  with  the  aid  of 
saltpans  or  in  basins,  whence  it  returns  to  laboratory. 

barge  value  for  laboratories  have  the  distribution  systems  of 
electric  power.  In  electrical  equipment  of  laboratories,  enter  the 
electric  motors  of  alternating  current,  dynaaotors,  direct -cur rent 
generators,  current  transformers,  the  frequency  converters,  etc.  The 
total  power  of  expendable  electric  power  is  measured  in  tens  of 
thousands  of  kilowatts.  The  electric  system  of  laboratories  must 
provide  the  connection  of  the  instruments  of  direct  and  alternating 
current  with  different  voltages. 
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Complexity  of  investigations,  unwieldiness  of  installations, 
requirement  for  safety  engineering  and  large  number  of  measurements 
(reaching  several  hundreds),  conducted  during  experiments  during 
brief  time,  cause  the  need  for  remote  control,  observation  and 
recording  the  parameters. 

Page  912. 


Observation  is  conducted  directly  through  special  windows  or  with  the 
aid  of  television  equipment,  lecording  it  is  expedient  to  carry  out 
by  the  autc/self-squeaking  instruments. 
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Readings  can  autoaatically  be  transferred  to  electric 
calculators,  which  analyze  results.  Such  systees  can  consider 
calibration  and  provide  the  current  readout  of  tests.  Entire  cycle  of 
aeasureaents  and  their  treataent  in  indicated  conditions  occupies 
approxiaately  1 ain.  for  the  installations  of  short-teca  action  this 
period  is  great.  On  then  successfully  are  utilized  autoaatic 
aeasuring  systeas  with  the  accuaulation  of  the  obtained  data.  In  such 
systeas  the  introduced  readings  are  converted  into  the  digital 
signals,  record/written  on  aagnetic  tape.  After  completion  of  tests, 
the  tape  is  passed  through  the  appropriate  converter,  giving  punched 
cards  which  then  are  processed  in  calculators. 

Pig.  87,  shows  one  of  the  possible  scheaatics  of  control  of 
tests  and  recording  aeasureaents.  Headings  are  transferred  on 
wire/conductors  to  instruaent  rooa.  In  instruaent  rooa  the  signals 
are  cpded  and  all  inforaation  is  transferred  to  control  location,  and 
then  heads  for  aeaory  unit.  After  analysis  in  electronic  coaputer, 
the  data  are  recorded  or  are  record/written  graphically  by  autoaatic 
aethods.  If  necessary,  soae  data  can  be  exaained  and  are 
aatoaatically  recorded  separately  during  tests  for  purposes  of 
control. 

t 

I 
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Pig.  87.  Block  diagram  of  control.  1 - analog-digital  converter  for 
transfer  operations;  the  converters  of  the  aeasoreaent:  2 - 
pressures;  3 - teapecature;  4 - nuaber  of  revolutions;  5 - fuel 
consuaption;  6 - thrust/rod;  7 - block  of  processing;  8 - junction 
box;  9 - input/introduction  of  nuaerical  data  froa  other  cells;  10  - 
aeaory  unit;  11  - coaputer;  12  - post  of  annual  control;  13  - 
tabulator;  14  - autoaatic  instruaent  for  graphing;  15  - 
electroaechanical  indicator  of  data. 

Page  113. 


2.  Laboratories  for  the  altitude  tests  of  engines. 
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faking  the  high-altitude  and  speed  characteristics  ol  engine  on 
the  earth/ground  requires  special  coaplex  equipment  and  the  specially 
fitted  out  for  these  purposes  locations  - the  high-altitude 
laboratories  in  which  are  solved  the  following  problens: 


3)  taking  the  altitude-speed  engine  characteristics; 

1 

2)  the  determination  of  the  range  of  stalled  conditions  and  the 
selection  of  the  node/conditions  of  operation; 

3)  testing  of  startability  of  engine  at  different 
height/altitudes  at  different  flight  speeds; 


4)  combustion  research  under  high-altitude  conditions; 

5)  the  detern inat ion  of  the  effect  of  climatic  conditions  for 
the  wprk  of  engines,  etc. 

Jn  order  to  reproduce  on  the  stand  of  the  condition  of  the 
operation  in  flight,  it  is  necessary  to  ensure  the  possibility  of 
presence  adjustment,  temperature  and  air  humidity,  which  enters  the 
engine  and  the  heatand pressure  simulation  chamber  and  exhaust 
pressures.  During  performance  testing  and  calibration  taking  into 


1 


* 


account  external  resistance,  it  is  necessary  to  create  the 
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appropriate  conditions  of  the  flow  about  the  engine. 

Schematic  of  one  of  the  high-altitude  installations  is  depicted 
on  Pig.  88.  Unit  aakes  it  possible  to  conduct  an  investigation  of 
operating  conditions  of  full-scale  engine  and  processes  of  burning  in 
the  separate  chanbers  to  altitude  H = 15  km. 

Air,  in  passing  by  through  the  filter,  it  enters  two- stage 
centrifugal  compressor  1,  given  into  action  by  electric  notor. 
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Fig.  88.  Diagram  of  high-altitude  installation.  1 - compressor,  2,  6, 
14,  18  - heat  exchangers,  3 - air-dryer,  4,  8 - turboexpanders,  5,  7 
- air  brakes,  9 - metering  nozzles,  10  - air  heater,  11  - stand  of 
combustion  chambers,  12  - heatandpressure  simulation  chamber,  13  - 
diffuser,  15  - preheater,  16,  19  - injection  coolants,  17,  20  - 
exhausters,  a,  b,  c,  d,  e,  f,  g - valve/gates  and  valves. 


Page  114. 

Between  cascade/stages  and  after  conpresspr  are  establish/installed 
the  coolers.  The  temperature  of  air  at  the  output/yield  of  compressor 
can  be  order  300°C,  pressure  5.6  atm(abs.),  the  air  flow  rate  is 
constant,  equal  to  3.17  kg/s  and  is  regulated  by  bypass  valves.  From 
compressor  the  air  enters  tubular  heat  exchanger  2. 
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Further  air  passes  into  air-dryer  3,  which  consists  of  two  pairs 
of  the  standard  sections,  working  on  activated  oxide  of  alueinun  and 
included  alternately.  After  air-dryer  the  air  enters  turboexpander  4 
whose  power  is  absorbed  by  air  brake  5 (by  centrifugal  conpressor). 

At  output/yield  from  heat  exchanger  6,  teeperature  of  air  grow/rises. 
Operating  tenpetrature  of  the  latter  is  reached  with  the  aid  of  second 
turboexpander  8,  in  which  the  tenperature  can  be  lowered/reduced  to 
-100°C,  and  pressure  - approximately  to  1.05  atm.  with  the  aid  of 
bypass  valve  b,  is  establish/installed  the  necessary  tenperature. 
After  turboexpander  the  air  branches.  The  part  of  it,  that  goes  to 
the  test  bench,  enters  the  group  of  aetering  nozzles  9,  connected  in 
parallel  and  having  different  dianeter,  which  nakes  it  possible  to 
carry  out  precise  neasureaents  over  a wide  range  of  the  air  flow 
rates* 

After  aetering  nozzles  is  arrange/located  electrical  air  heater 
10,  equipped  with  lanellar  theraostat.  In,  passing  by  through  the 
preheater,  air  heads  either  for  stand  of  combustion  chambers  1 1 or 
into  heatand pressure  simulation  chamber  12. 

Heatandpressur e simulation  chamber  has  inner  dianeter 


approximately  4 a and  length  12  a.  From  the  entry  of  air,  the  chamber 
is  carried  out  dis mountable/release,  which  is  necessary  for  unit  and 
takinq  tested  engine.  Access  to  it  in  the  interval/gaps  between  tests 
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it  is  provided  through  the  hatch,  arrange/located  in  side  wall.  The 
chaaber  is  covered  outside  with  theraal  insulation  layer.  Vithin  the 
chaaber  the  air  will  be  fed  directly  to  the  engine  inlet. 

the  thrust/rod  of  turbojet  engines  is  deterained  either  by 
calculation  on  the  basis  of  the  aeasureaent  of  the  paraaeters  of 
exhaust  gases  or  by  dynaaoaetric  device.  The  power  of  turboprop 
engines  is  absorbed  by  the  hydraulic  brake,  establish/installed 
within  the  chaaber. 

Fuel/ propellant  is  fed  froa  the  tank,  arrange/located  within 
heatand pressure  simulation  chaaber,  through  a series  of  the  heat 
exchangers,  which  aake  it  possible  to  regulate  its  teaperature.  Fuel 
tank  is  found  whose  value  changes  depending  on  the  degree  of  height 
in  the  chaaber.  The  jet  nozzle  of  engine  is  introduced  into  diffuser 
13,  which  aakes  it  possible  to  increase  the  height  of  the  chaaber. 
Diffuser  is  cooled  by  water  just  as  entering  it  exhaust  pipe  of  stand 
of  coabustion  chaabers. 

Page  215. 

Froa  diffuser  the  gases  enter  tubular  water-cooled  heat 
exchanger  14,  in  which  they  if  necessary  can  be  cooled,  pass  into 
preheater  15  and  through  valve  f,  employee  for  the  control  of  height. 
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into  injection  coolant  16,  the  being  series  of  the  injectors, 
iqjection  water  into  the  flow  of  gases.  Two  Last/latter 
aggregate/units  support  the  parameters  of  gas  at  the  entry  into 
exhauster  17  in  accordance  with  his  operating  point. 

Preheater  15  is  necessary  in  the  case  of  end  of  burning  in 
engine  chaabers  when  the  teaperature  of  gases  at  the  entry  into 
exhauster  proves  to  be  too  low.  So  that  the  unburned  fuel/propellant 
would  not  be  ignited  in  preheater,  it  was  aade  tubular  and  with 
preheating  hot  water.  After  exhauster  the  teaperature  of  gases  again 
grow/rises  approximately  by  200°C;  therefore  before  entrance  in 
second  exhauster  20,  gases  again  are  cooled  in  heat  exchanger  18  and 
injeation  coolant  19. 

Design  conditions  of  exhauster  aust  be  supported  by  appropriate 
pressure  adjustment,  inlet  teaperature  and  of  the  air  flow  rate. 
Otherwise  the  exhauster  can  leave  to  stalled  condition  or  to  the 
inadmissible  number  of  revolutions.  The  weight  flow  rate  of  air  in 
exhauster  20  is  more  than  in  exhauster  17,  because  of  air  suction 
from  the  environment  into  injection  coolant  19.  pressure  at  the  entry 
into  exhausters  is  supported  by  constant  with  the  aid  of  bypass 
valves.  The  drive  of  exhausters  is  realise/accoaplished  through 
multipliers  from  electric  motors. 

I 


i 
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It  necessary  Cor  the  supply  of  a large  guantity  of  air  into  the 
tested  engine*  pressure  regulator  autonat ically  closes  valve  c and  is 
open/disclosed  valve  f how  it  prevents  a change  in  the 
node/conditions  of  work  of  exhausters.  During  decrease  in  the  air 
floe  rate*  bypass  valve  c is  open/disclosed*  and  bypass  valve  g of 
exhauster  works  as  safety.  The  necessary  " height/altitude"  is  reached 
by  the  flow-rate  control  of  air  by  valve  c pressure  by  valve  f.  The 
necessary  tenperature  of  air  is  reached  with  the  aid  of  bypass  valve 
b of  the  second  expansion  turbine. 

Special  difficulty  represents  the  altitude  test  of  turboprop 
engine  with  propellers.  Fig.  89,  shows  the  schematic  of  the  stand* 
which  nakes  it  possible  to  experience/test  TVD  both  under  terrestrial 
and  under  high-altitude  conditions.  In  the  latter  case  the  air  to  the 
engine  inlet  will  be  fed  froa  the  coapressoc  along  tubes  2.  Air  for 
the  load  of  screw/ propellers  is  take/selected  froa  the  ataosphere 
through  the  device  for  silencing  1 and  is  fed  to  screw/propellers 
with  the  aid  of  adjustable  nozzle  5.  The  dianeter  of  the  latter  can 
change  over  wide  Units  froa  2.5  to  6.0  at  This  control  nust  remove 
pulsations  of  propeller-blades  tip.  The  nozzle  can  be  aisaligned 
forward  and  back  depending  on  length  of  TVD.  Exhaust  gases  of  engine 
are  cpoled  in  coolants  and  are  drawn  off  by  exhausters.  Jet  froa 
screw/ propeller  passes  aufflers  3. 
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Pig.  90 , depicts  the  scheaatic  of  the  arrangement  of  basic 
constr uctions  and  devices  of  high-altitude  ex peri sent a 1 testing 
laboratory  turbojet  and  turboprop  engines'. 

Page  116. 

In  laboratory  can  be  created  the  conditions,  which  correspond  high 
speeds  and  flight  altitudes  (apprpxiaatel y M = 2.5  and  H = 21,0  00  a). 
For  the  control  of  the  indicated  paraaeters  in  the  necessary  range, 
is  required  to  ensure  air  pressure  at  the  engine  inlet  froa  0.07  to 
3.8  kg/ca*  and  teaperature  froa  -90  to  ♦ 190°C,  but  the  pressure  of 
the  which  surrounds  engine  air  froa  ataospheric  to  0.035  kg/ca2, 
which  corresponds  to  the  aaxiaua  base  altitude. 

The  high-altitude  units  of  laboratories  require  large  energy 
powers;  thus,  for  instance,  only  electric  aotors  of  the  drive  of  all 
coapressors  can  have  power  on  the  order  of  30,000  kw. 

Laboratory  has  the  intake  depar taent/separation  in  which  the  air 
is  led  to  the  appropriate  paraaeters,  and  output  section.  Both  these 
deparhaeat /separations  are  placed  in  separate  housings. 

Section  for  tests  under  conditions  of  high  altitudes  consists  of 
two  chaabers.  The  first  of  these  chaabers  is  the  air  scoop  into  which 
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the  air  eaters  at  required  teaperature  and  a pressure.  Air  scoop  is 
equipped  with  the  special  guide  vanes  and  airfoil/profiles  for 
flattening  of  flux  and  with  eguipsent  for  the  aeasuresent  of 
teaperature  and  pressure.  In  the  second  chaaber  on  the  asseablies, 
equipped  with  sensors  for  the  aeasureaent  of  thrust  force  with  the 
aid  of  special  weights,  is  esta^lish/installed  the  engine. 
Experinental  section  is  equipped  by  safety  valves. 

Vesting  of  PVBD  [raajet  engine]  and  their  asseablies 

the  units,  which  sake  it  possible  to  iaitate  flight  speeds  with  Hach 
nuaber  3 2-3,  is  connected  with  very  large  energy  consuaption.  In 
connection  with  this  frequently  they  resort  to  producing  of  the  wind 
tunnels  of  supersonic  speeds  of  periodic  action.  Are  possible  and  are 
applied  three  types  of  the  supersonic  installations  of  the  short-tern 
action  whose  difference  is  in  the  aethod  of  the  organization  of 
supersonic  flow. 
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Fig.  89.  Schenatic  of  test  beach  of  TVD.  1 - device  for  the  silencing 
of  air-in,  2 - the  supply  of  air  fron  coapressor,  3 - the  aufflers  of 
exhaust  and  exhaust  aanifold,  4 - TVD,  establish/installed  for 
altitude  tests,  5 - the  adjustable  air  nofczle. 
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In  the  first  type  the  bottles  are  filled  with  the  coa pressed  to 
several  hundreds  of  ataosphere  air  which  is  produced  in  the  fora  of 
the  supersonic  jet  for  the  tested  objective  (engine,  nodel  airplane, 
projectile  etc.). 

In  the  second  type  in  receiver,  is  created  the  vacuun.  Air  froa 
the  environaent  flows  into  receiver  and  in  airflow  tests  engine  or 
another  object. 

The  third  type  of  unit  is  coabination  the  the  first  two. 

The  units  of  the  exaained  schematics  do  not  require  powerful 
compressors,  but  to  carry  out  experiments  on  then  is  difficult  due  to 
the  saall  tine  interval,  during  which  the  paraaeters  of  jet  are 
supported  by  constant/invariable. 

During  tests  of  PVBD,  it  is  very  iaportant  to  explain  the  effect 


of  angles  of  attack  on  the  engine  operation.  For  the  iaitation  of  a 


DOC  * 77233210 


PAGE  — 2- 


change  in  the  angles  of  attack  at  units,  it  is  usually  accepted  to 
change  the  slope/inclination  of  the  axle/axis  not  of  engine,  but  the 
blowing  off/out  nozzle.  A shortcowing  in  this  unit  is  not 
circuevent ial  nature  to  change  the  blowing  off/out  nozzle  during 
taking  of  characteristics  of  engine  according  to  Nach  nuaber. 

Pig.  91,  gives  the  schenatic  of  the  working  section  of 
supersonic  pressure  chaaber  with  adjustable  nozzle.  The  supersonic 
nozzle  of  rectangular  cross  section  is  regulated  with  the  aid  of  two 
flexible  walls  which  can  be  aoved  between  fixed  walls. 


rig.  91.  Schematic  of  the  test  section  of  the  supersonic  unit.  1 - 
branch  connection  to  exhauster,  2 - the  adjustable  supersonic  nozzle, 
3 - the  entry  of  air  of  the  assigned  paraneters,  4 - angle  of 
rotation  for  the  initation  of  downvash,  5 - the  expanding  ducts  of 
altereating/variable  geonetry  for  the  blowing  off/out  air,  6 - 
plungers  for  displacing  the  walls  of  channel,  7 - engine,  8 - the 
exhaust  duct,  water-cooled,  9 - to  subsonic  diffuser  and  the  coolant 
of  blpwing  off  air,  10  - to  coolant  of  exhaust  gases  of  engine. 


t 
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Diffuser  for  the  air,  which  blows  off/out  engine,  also  has  adjustable 
side  sails.  The  initation  of  downwash  at  entry  is  reached  by  the 
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rotation  of  entire  nozzle.  Pressure  in  the  section  of  the  chaaber,  in 
which  are  placed  the  engine  and  diffuser,  is  supported  in  accordance 
with  hssigned  flight  altitude. 

Basic  control  occurs  by  changing  nczfcle  throat.  Air  bleeding  and 
control  of  the  cross  section  of  diffuser  are  produced  autoaatically 
in  accordance  with  high— altitude  pressure  in  the  chanber.  Control 
systea  aust  prevent/warn  the  energence  of  surge  in  grid/networ A. 

During  the  design  of  the  feed  systeas  of  air  in  units  with  free 
blowout  there  is  special  interest  in  the  ratio  of  the  area  of  the 
blowing  off/oat  nozzle  Fe  to  the  area  of  tne  intake  part  of  the 
engine  the  graph  of  the  cecoaaended  relations  FJFn,  for 

azisyeaetric  puffed  with  the  different  Mach  nawbers  was  given  in  Pig. 
92. 

3.  Stands  of  rotodynaaic  Machines. 


Investigations  and  the  finishing  of  coapressors  and  turbines 
occupy  large  place  in  works  on  creation  of  YBD.  In  conteaporary  jet 
engines  are  used  extensively  the  Multistage  axial-flow  coapressors 
and  the  turbines,  basic  cell/eleaent  of  which  is  airfoil  cascade.  The 
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correct  selection  of  grid/cascade  will  ensure  an  iaproveaent  in  the 
characteristics  of  rotodynaaic  aachine  and  increase  its  efficiency. 

**  *s  logical;  therefore  considerable  attention  is  given  to  the  study 
of  grid/cascades. 
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Fig.  92.  The  size/diaensions  of  those  who  blow  off/out  it  puffed, 
necessary  for  the  iaitation  of  the  conditions  of  flow  at  the  entry  in 
PVBD.  1 - the  aaxiaua  sizes  of  nozzle  at  high  angles  of  attack  and 
during  subcritical  aode/conditions,  2 - the  ainiaal  sizes  of  nozzle 
at  low  angles  of  attack  and  during  supercritical  aode/conditions. 


Pig.  93.  Schematic  diagraa  of  setting  for  perfornance  testing  and 
calibration  of  grid/cascades.  1 - electric  aotor,  2 - aultiplier,  3 - 
throttle/choke,  4 - compressor,  5 - metering  nozzle,  6 - receiver,  7 
- nozzle,  8 - stator  blades,  9 - the  test  section  of  the  unit  with 
grid/cascade. 
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Schematic  diagraa  of  settiag  foe  determining  the  characteristics 
of  the  grid/cascades  is  shown  in  Fig.  93.  Air  froa  compressor  through 
the  receiver,  the  nozzle  and  guide  vane  enters  the  test  section  of 
tire  installation  in  which  over  wide  limits  it  is  possible  to  change: 
angle  of  attack,  the  angle  of  setting  airfoil/profiles  and  lattice 
spaciog. 

Fig.  94  shows  one  of  the  versions  of  the  design  concept  of  the 
test  section  of  the  setting.  Angle  of  attack  caq  be  changed  with  two 
rotary  shaped  insets  4.  insets  form  the  supplying  section  in  which 
can  be  establish/installed  the  grid/cascade  of  guide  plates  2,  that 
ensures  better  flattening  of  flux.  The  assigned  magnitude  of  a0  is 
controlled  on  dial/liab. 

The  pressure  field  and  velocities  before  and  after  airfoil 
cascade  1 being  investigated  is  renove/taken  by  sounding  (pneumatic 
method).  It  is  necessary  to  note  that  the  indicated  method  is  very 

la bor^cons using,  requires  the  high  expenditure  of  time  for  conducting 

j 

experiments,  but  during  their  careful  execution  it  provides 
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sufficient  accuracy  of  aeasureaents. 

Below  nethod  of  the  weighing  of  reaction  force  in  question  nates 
it  possible  to  obtain  the  integral  characteristics  of  grid/cascades 
with  the  considerably  saaller  expenditure  of  tine  for  the  production 
of  experinents.  The  high  productivity  of  nethod  aakes  it  possible  to 
easily  obtain  a coaparative  evaluation  of  grid/cascades,  which  are 
distieguished  by  the  forn  of  airfoil/ profile,  by  the  geoaetric  and 
regiae  paraaeters. 

fig-  95,  shows  the  installation  diagran  for  the  weighing  of  the 
reaction  force,  which  aakes  it  possible  tp  also  deteraine  its 
circular/neighboring  and  axial  coaponents. 
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Pig.  94.  Design  concept  of  the  test  section  of  the  setting  for 
deternining  air  foil  data.  1 - the  grid/cnncade  being  investigated,  2 
- directing  plates,  3 - thrust/rod,  4 - the  rotary  shaped  insets. 


Pig.  95.  Installation  diagran  for  deternining  the  reaction  force  of 
grid/cascade.  1 - diffuser,  2 - grid/cascade,  3 - receiver,  4 - 


DOC  * 77233210 


PAGE  -W 

flexible  cell/eleaent,  5 - support,  6 - aetering  nozzle. 


Page  321. 

Air  froa  the  coapressor  through  aetering  nozzle  6 and  diffuser  1 
heads  for  receiver  3 in  which  is  establish/installed  gridf  cascade  2 
being  investigated.  Receiver  with  grid/cascade  is  fastened  on  the 
vertical  section  of  air  duct,  which  has  in  upper  part  fixed  support 
5. 


the  tested  grid/cascade  is  establish/installed  in  horizontal 
plane*  Reaction  force  is  received  by  flexible  cell/elenent  4,  carried 
out  ia  the  fora  of  the  section  of  conduit/aanif old  with  fine/thin 
wall.  On  its  surface  along  two  nutually  perpendicular  axle/axes  ab 
and  CD,  are  stuck  four  strain  gauges  (cross  section  AA) . the  presence 
of  twp  sensors  on  one  axle/axis  raises  the  sensitivity  of  bridge  and 
contributes  to  theraocoapensation.  Two  Sensors,  dead  in  line,  are 
foraed  two  bridge  aras,  the  others  of  two  aras  are  reaoved  to  the 
special  slide  wire,  which  aakes  it  possible  to  conduct  the 
calibration  of  bridge. 

lith  the  aid  of  sensors,  accange/located  on  the  axis  ab,  they 
acasare  the  axial  coaponeat  R.  of  reaction  force  R,  while  with  the 
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aid  of  the  Miaors,  located  on  the  axis  CD  - the  circulars  neighboring 
component  ftu  of  reaction  force. 


The  knowledge  of  the  real  consunption  of  the  air  Ot,  aeasured 
with  the  aid  of  aeteriog  nozzle,  and  reaction  force  K, 


+ (108) 

components  of  which  R . and  Ru  are  deterained  by  the  aeans  of 
straia-aeasuring  weights,  it  Bakes  it  possible  to  deteraine  average 
outlet  velocity 


*i- 


009) 


the  velocity  coefficients  and  consumption 


aqd 


f 


= -£! 
«|T 


(110> 


(111) 


and  also  the  Bean  angle  of  flow  at  the  output/yield 


a, -.arc  tg 


*. 


(H2> 


The  value  of  velocity  ciT  sad  of  consaaptioa  0».» 
through  coaaon  gas-dynaaic  for aulas. 


is  located 
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The  examined  setting  lakes  it  possible  to  determine  effect  on 
the  characteristics  of  the  grid/cascades  only  of  Hach  number. 

Pig.  96,  gives  the  installation  diagrai  for  the  blasting  of 
grid/cascades,  which  lakes  it  possible  to  consider  effect  on  the 
characteristics  of  Re  nuiber. 

Page  122. 

In  this  case,  it  is  possible  to  change  Hach  nuibers  and  Re 
independently  of  each  other,  which  is  achieved  by  a change  of  the 
juip/drops  in  pressures  and  air  density,  which  flows  around 
grid/cascade  in  hermetically  sealed  during  tests  systei.  The  results 
of  such  tests  are  utilized  during  the  calculation  of  altitude 
perf or nances  of  engines. 

The  entering  fron  compressor  3 air  is  cooled  in  heat  exchanger  4 
and  through  nozzle  6 is  fed  to  tested  grid/cascade  7.  The  air  flow 
rate  is  determined  with  the  aid  of  metering  nozzle  S.  In  setting  is 
provided  for  a whole  series  of  shutter/vaives  (valve/gates), 
necessary  for  control.  Air  density  in  the  closed  systei  of  setting 
descends  with  the  aid  of  vacuun  pump  1 1. 

Let  us  pass  to  the  examination  of  installations  for  performance 
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testing  and  calibration  of  compressors  and  their  step/stages. 

Pig.  97,  shows  the  schematic  of  stand  of  the  step/stage  of 
axial-flow  compressor.  By  the  appropriate  change  in  the  revelations 
of  electric  motor,  position  of  the  throttle  plates  and  thermal  effect 
on  air  in  heat  exchanger  and  cooler  it  is  possible  to 
establisb/install  on  the  tested  compressor  stage  aode/cond it ions  with 
the  different  values  of  the  flew  rate  of  the  air  and  parameters  at 
entry.-  The  schematic  of  stand  of  full-scale  compressor  is  similar 
that  which  was  described.  Freguently  the  investigation  of  compressor 
is  coaducted  directly  in  the  system  of  engine,  however,  in  this  case 
the  characteristic  of  compressor  can  be  removed  incompletely,  and 
only  in  a comparatively  narrow  range. 

Fig.  98,  depicts  the  schematic  of  closed  type  vacuum  system, 
which  makes  it  possible  to  conduct  tests  with  the  same  volumetric 
flow  sate  of  air,  as  in  actuality.  The  weight  flow  rate  of  air  in 
this  case  will  be  less,  in  system  enters  the  tested  compressor,  that 
throttles  device,  heat  exchanger  and  air  turbine,  which  returns  the 
part  of  the  power,  spent  on  the  drive  of  compressor. 

I! 


Pig.  96.  the  schematic  diagraa  of  setting  for  the  blasting  of 
grid/cascades.  1 - electric  aotor,  2 - nultiplier,  3 - coa pressor,  4 
- heat  exchanger,  5 - aetering  nozzle,  6 - nozzle,  7 - the 
grid/cascade  being  investigated,  8 - discharge  valve,  9 - 
throttle/choke,  10  - the  valve/gate  of  vacuua-puap,  11  - vacuus  puap, 
12  - inlet  valve. 

Page  123. 

As  poaer  plant  caa  be  used  a powerful  electric  aotor  (as  shown  in 
scheaatic)  or  gas  turbine. 

Vhe  air,  which  fills  setting,  preliainarily  is  dried  to  avoid 
the  icing  of  aeasuring  aeters  in  low-teaperature  node/conditions.  The 
aode /conditions  of  tests  regulates  by  change  in  the  revolutions. 
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quantity  of  abstract/removed  heat,  pressure  at  the  entry  into 
compressor  and  by  throttling/choking.  Temperature  of  air  at  the  inlet 
into  compressor  can  be  changed  over  wide  liaits  which  is  very 
important  for  the  imitation  of  high-altitude  and  high-speed/velocity 
conditions  during  testing. 

Vo  apply  in  setting  air  turbine  not  is  compulsory,  since 
throttle/choke  and  heat  exchanger  make  it  possible  to 
establish/ install  the  necessary  parameters.  However,  in  this  case 
appear  considerable  losses  with  the  throtit ling/choking  of  air,  and 
heat  exchangers  are  very  bulky. 

Turbine  perforaance  are  reaov e/taken  with  special  settings. 

the  power  of  turbines  is  absorbed  by  hydraulic  brake  or  the 
compressor  (Pig.  99),  draw- in  air  from  the  atmosphere.  The  power, 
consuaed  by  air  brake  3,  is  regulated  by  a change  in  the  air  flow 
rate  by  shut ter/valve  1.  As  can  be  seen  from  schematic,  into  turbine 
4 being  investigated  enter  the  gases  from  chamber  13. 
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Fig.  97.  Schematic  of  stand  of  compressor  stage.  1 - electric  motor, 
2 - multiplier,  3 - compressor  stage,  4 - the  throttle  plate,  5 - 
cooler,  6 - air-dryer,  7 - heat  exchanger,  8 - measured  diaphragm,  9 
- air  filter. 


Fig.  98.  Schematic  of  closed  type  vacuum  system.  1 - air  turbine,  2 - 
spring,  3 - compressor,  4 - multiplier,  5 - electric  motor,  6 - heat 
exchanger,  7 - vacuum  pump  with  electric  motor,  8 - the  throttle 
platen  9 - air  dryer. 


Page  224. 


The  ppwer  of  turbine,  equal  to  the  power  of  compressor,  is  determined 


fi 
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fro*  the  formula 

N.mN  — G'C'  , (113) 

T *“  75  A 

where  T*t  is  temperature  of  stagnation  of  air  intake;  r*2  is 
temperature  of  stagnation  of  air  at  output/yield  from  air  brake  3;  o„ 
is  air  flow  rate  through  air  brake;  cp  is  heat  capacity  of  the  air. 

In  the  setting  in  question  the  turbine  and  air  brake  are 
regulated  autonomously,  which  makes  it  possible  to  change  the 
mode/conditions  of  work  of  turbine  over  a wide  range,  nore  accurate 
results  give  the  tests  of  the  turbines  whose  power  is  absorbed  by 
hydraulic  brake. 


4.  Stands  of  combustion  chambers. 


In  view  of  the  fact  that  the  questions,  connected  with 
aerodynamics  of  the  chamber  and  processes  of  burning  in  it,  are 
extremely  complex,  the  existing  combustion  chambers  are  improved, 
mainly,  experimentally. 

For  a reduction/descent  in  the  expenditures  on  the  creation  of 
the  new  chambers,  it  would  be  desirable  pass  from  full-scale  tests  to 
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model,  with  the  concluding  tests  on  full-scale  chambers.  However,  due 
to  the  difficulties  of  the  simulation  of  the  chamber,  this 
"two-stage"  procedure  of  their  creation  is  not  applied. 

fig.  100,  shows  the  schematic  of  laboratory  unit  for  combustion 
research.  Is  can  be  seen  from  schematic,  air  into  chamber  1 enters 
from  the  compressor  station  through  heat  exchanger  2,  in  which  it  is 
heated  by  the  abstract/renoved  from  the  chamber  gases. 
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*ig-  99.  scheaatic  of  stand  of  turbines.  1 - the  throttle  plate#  2 - 
■ensured  diaphraga#  3 - air  brake#  4 — tested  turbine#  5 - compressor, 
6 - multiplier  7#  11-  electric  motors#  8 - fuel  aeter#  9 - fuel 
line#  10  - valve/gate#  12  - fuel  puap#  13  - coabustion  chaaber. 


Page  125. 

THe  presence  of  heat  exchangers  aakes  it  possible  to  have  at  the 
entry  into  the  coabustion  chaaber  the  elevated  temperature  - 
characteristic  for  the  aodes  of  the  chaaber  operation  of  coabustion 
ia  flight  at  high  velocities.  Furthermore#  the  special  suction  systea 
mith  coolant  4 aakes  it  possible  to  obtain  the  low  pressures  at 
eatryw  which  correspond  to  high-altitade  conditions. 
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When  conducting  of  the  experimental  tests  of  conbustion 
chambers,  essential  attention  is  given  to  the  determination  of  the 
combustion  efficiency  f,  of  the  pressure  recovery  factor  w*  and  of 
the  uniformity  of  temperature  field  at  chamber  exit. 

The  combustion  efficiency  is  defined  as  ratio  of  a quantity  of 
heat,  which  was  really/actually  separated  during  burning  Qa,  to  the 
quantity  of  heat,  conducted  with  fuel/propellant  Qt: 

5 = ^.  (114) 

VT 

Value  QT  always  can  be  determined  by  calculation,  knowing  the 
flow  rate  of  fuel/propellant  and  its  calorific  value,  considerable 
difficulty  presents  determination  Qa. 

In  principle  Qa  it  is  possible  to  determine  by  the  method  of 
calorimetric  measurement,  by  a direct  change  in  temperature  and 
composition  of  gases,  and  also  by  the  gravimetric  methods,  based  on 
the  measurement  of  the  recoil  impulse  of  the  escape/ensuing  from  the 
chamber  gas  jet.  The  enumerated  methods  of  determination  € 
autoahtically  connect  the  losses  through  chamber  walls  in  the 
eqvironaent. 

The  method  of  calorimetric  measurement  is  very  bulky,  since  it 
requires  the  creation  of  large  colorimeter  for  determining  a quantity 

of  best,  isolated  by  tbs  cooled  is  calcrieeter  gases,  coaiag  out  from 


tbs  cbaaber 


Fig.  JOO.  Installation  diagram  for  coabustion  research.  1 - the 
tested  coabustion  chamber,  2 - heat  exchaqger,  3 - air  supply,  4 - 
mater  cooler  of  gases,  5 - high-altitude  exhaust  system,  6 - exhaust 
silencer  in  the  atmosphere  (terrestrial  conditions). 


Page  326. 


It  is  necessary  to  note  that  the  flow  at  coabustion  chaaber  exit 
is  aoaunifora  both  according  to  the  temperature*  density  and 
velocities  and  in  coaposition  of  gases.  In  connection  vith  this  the 
saaple/test  of  gases  they  take/select  froa  several  points  of  cross 
sectipn,  and  averaged-aass  value  € is  determined  froa  the  expression 


m 


v a,  tcr,  u, 


015> 


share  orl 


is 


! 


J 


is  a gas  flow  through  the  appropriate  section;  c„ 
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average  heat  capacity  of  gases  on  section*;  T\  ~ the 

preheating  of  gases  on  section  2-3i. 


Considerably  saaller  labor  consuaption  possesses  the  graviaetric 
aethod,  i. e. , the  set hod  of  the  seasuresent  of  reacting  force,  which 
escape/ensues  fros  the  chanber  of  gas  jet.  By  this  sethod  is  obtained 
iaaediately  averaged- aass  value  t without  the  need  for  the  tedious 
aeasuseaents  of  loose  parts  of  the  flow. 


For  deteraining  the  pressure  recovery  factor  of  coabustion 

ch aab«r 


0* 


(116) 


it  is  necessary  to  know  the  total  pressure  at  the  entry  into  chanber 
p*t  aod  at  output/yield  froa  it  p*j.  The  total  pressures  in  cross 
sections  also  do  not  reaain  constants.  Therefore  one  should  apply  the 
forauia  , 


_t 


Gj. 

Or  ' 


(117) 


giving  averaged-aass  value  •*.  In  this  forsela  q qki  is  flow  rate 
of  gases  and  air  through  section  i;  p\,,p\,  ~ the  total  pressure  on 
sections  31,  21;  Ot,  Gr  are  a floe  of  air  and  gases  through  the 


chaaber 
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Complete  pressure  at  the  different  points  of  the  cross  section 
being  investigated  is  aeasured  by  total-head  tube  with  coordinate 
spacer  apparatus  or  coabs.  Deceivers  on  the  coat  of  conplete  pressure 
arc  furnished  so  that  they  would  be  located  in  the  aiddle  of  the 
equivalent  areas  to  which  broken  this  cross  section.  This  arrangenent 
of  receivers  nakes  it  possible  to  deteraiae  the  average  value  of 
pressure.  The  high  teuperatures  of  gases  at  chaaber  exit  require  the 
application  of  the  cooled  or  aanufacturcd  froa  heat-resistant 
aaterials  sensors. 

Page  127. 

Fig.  101,  gives  the  scheaatic  diagraa  of  stand  nodel  coabustion 
chaabers  under  terrestrial  conditions.  In  this  setting  used  special 
device  for  the  aeasureaent  of  reacting  force  of  the  escape /ensuing 
froa  the  chaaber  gas  jet. 

trap  1 (Fig.  102),  suspend/hung  cantilever  froa  rod  2,  rigidly 
attached  in  fixed  bushing  3,  is  aoved  under  the  action  of  the  flow, 
which  enters  it  froa  the  chaaber.  Bod  undergoes  bending  strain;  on 
its  phrallel  planes  A and  B,  at  equal  distance  froa  the  axle/axis  of 
trap,  are  stuck  two  identical  wire  strain  gauges  (extensoaeter) , that 
are  two  aras  of  Wheatstone  bridge. 
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Of  these  of  two  sensors,  placed  into  identical  teaperature 
conditions,  but  the  experience/testing  different  deformations 
(elongation  and  coapression) , provide  theraocoapensation,  i.e. , is 
reaovsd  the  effect  of  a change  in  the  aabient  teaperatuce  and  rod  for 
readings,  and  double  the  sensitivity  of  bridge. 
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Fig.  401.  Sc he* at ic  diagraa  of  staod  nodel  cob  bust  ion  chaabers  under 
terrestrial  conditions.  1 - fuel  tank,  2 - filters,  3 - valve 
tap/cranes,  4 - fuel  aeter,  5 - fuel  puap,  6 - cooler,  7 - the  drain 
of  water  froa  water  jacket  of  exhaust  receiver,  8 - injector,  9 - the 
chaaber  being  investigated,  10  - trap  for  the  weighing  of  the 
escape/ensuing  gas  jet,  11-  the  rod  of  trap  with  the  stuck  on  it 
extensoaeters,  12  - exhaust  receiver,  13  - the  ejection  of  gases  in 
the  ataosphere,  14  - souls's  water,  IS  - oscillograph,  16  - receiver, 
17  - aeasured  diaphraga,  18  - coapressor,  19  - the  drive  of 
coapressor  20  - the  throttle  plate. 
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Page  128. 

The  apst  convenient  schematic  for  the  neasureneot  of  defocnations  is 
the  seheaatic  of  the  nonequilibriua  bridge,  working  on  alternating 
current.  The  changes  of  the  current  strength  in  bridge,  caused  by  the 
deforaation  of  rod,  are  proportional  to  the  extent  of  the  noveaent  of 
trap  along  the  axis  of  xx,  i.e.,  are  proportional  to  the  value  of 
thrust/rod  and  are  record/fixed  by  oscillograph. 

Fig.  103,  shows  the  scheaatic  of  device  with  inductance  pickup, 
eaployee  also  for  the  weighing  of  the  discharging  jet.  The  stock/rod 
of  receiver  5 is  attached  on  diaphraga/aeabranes  3 and  4.  Onder  the 
effect  of  pressure  of  coabustion  products,  the  receiver  is  aoved  and 
changes  clearance  6 between  anchor  6,  which  sits  on  stock/rod,  and 
the  nagnetic  circuit  of  7 induction  transforaer  coil.  Feed/supply  of 
iqstreaent  is  realize/accoaplished  by  alternating  current.  The 
advantage  of  this  instruaent  consists  in  the  absence  of  the  need  for 
strengthening  aoaentua/iapulse/pulse  even  at  its  low  values. 


5.  Stands  of  auxiliary  units  of  aircraft  engines 
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Auxiliary  engine  accessories  usually  test  in  laboratories. 
Preliainarily  at  special  settings  check  turbine  starters,  generators, 
fuel  and  oil  puaps,  different  regulators  and  distributors,  auxiliary 
gas  tarbines,  injectors,  devices  for  the  drive  of  aircraft 
aggregate/units,  etc. 
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Pig.  102.  Schematic  of  pulse  aetec  with  wire-type  strain  gauges.  1 - 
trap,  • - elastic  rod,  3 - sleeve. 


fig.  103.  Schematic  of  pulse  aeter  with  inductance  pickup.  1 - 
nozzle,  2 - trap,  3,  4 - diaphr aga/aeafcrane,  5 - stock/rod,  6 - 
anchor,  7 - core,  8 - priaary  winding,  9 - secondary  winding,  10  - 
audiofrequency  oscillator,  11  - the  tail  of  oscillograph,  12  - 
detector.  A)  the  sensor  unit,  6)  the  asseably  of  coapensator. 


Page  129. 

Vor  the  start ing/launching  of  gas-turbine  high-thrust  engine,  is 
required  powerful  starter.  In  this  casg  frequently  is  applied  the 
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turbine  starter  whose  work  is  Xieited  according  to  tine  and  nuaber  of 
revolutions  of  disconnection.  Froa  the  analysis  of  the  specific 
character  of  work  of  turbine  starter,  it  follows  that  accepted  for 
the  coaaon  gas  turbine  engines  of  the  procedures  of  bench  tests,  that 
consists  in  the  neasureaent  of  the  paraaeters  of  engine  in  constant 
stabilized  node/conditions,  does  not  sake  it  possible  to  sufficiently 
accurhtely  check  work  of  starter  unit  before  its  setting  to  nain 
engine.  To  approach  the  paraaeters  of  starting/launching  of 
QrTP  flgas-turbi  re  engine]  the  operational  under  bench  conditions 
is  possible  only  during  the  coabination  of  the  corresponding  load  of 
starter  with  the  a ode/conditio ns  of  continuous 
accelerati on/dispersal. 

Pig.  104,  depicts  the  scheaatic  of  the  stand  for  the  dynaaic 
tests  of  turbine  starters,  which  aakes  it  possible  to  observe  close 
to  operating  condition  of  acceleration/dispersal  during  entire  cycle 
of  start ing/launching  and  to  change  instantaneous  power  on  the 
different  revolutions  of  the  power  take-off.  Stand  has  idle  tine  by 
construction  double-seat  rotor  and  driving/hoaing  spring,  i.e. , the 
elastic  part  of  the  torsion  dynaaoaeter.  of  siailar  to  the 
transaission  aain  engine  during  starting/lauaching  bench  rotor 
creates  inertial  resistance  to  rotary  acceleration  and  ventilation 
kiakiif. 

■otar  is  the  sitting  on  shaft  steel  disk~flynheel,  on  face  of 
which*  of  a siailar  to  the  hlade/vaaes  fan  hlower,  are  radially 
Placed  the  blades  of  aerodyaaaic  braking. 
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Fig.  104.  Scheaatic  of  stand  foe  the  dynaaic  tests  of  turbine 
starters.  1 - oil  tank  with  preheater,  2 - puap,  3 - theraoaeter,  4 
aanoaeter,  5 - rotary  blind,  6 - the  blade  of  air  brake,  7 - 
flywheel,  8 - the  housing  of  air  brake,  9 - the  clutch  of 
cohesion/coupling,  10  - the  torsion  shaft,  11  - oil  valve,  12  - 
tachoaeter,  13  - turbine  starter. 


Page  139. 


I 


In  the  housing  of  rotor,  there  are  holes  for  entry  and  air  outlet. 
Input  windows  can  be  throttled  with  special  rotary  blind. 


I 
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Energy  of  turbine  starter  or  starting  node/conditions  partially 
is  accuaulated  in  flywheel,  and  it  is  partially  absorbed  by  air 
brake*  As  aeter  AfKp  on  the  shaft  of  starter,  is  utilized  hydraulic 
torsion  dynanoaeter. 

Considerable  attention  in  laboratories  is  given  to 
aggregate/unit  tests  of  fuel  systea.  As  an  exaaple  Fig.  105,  gives 
the  diagraa  of  the  hydraulic  systea  of  stand  of  fuel  puaps.  During 
their  testing  are  checked  capacities  of  puaps,  control  and  effective 
range  of  the  liaiter  of  aaxiaua  revolutions,  work  of  valves, 
coaaon/general/ total  airtightness,  etc. 

] 

Jn  stand  operation,  the  fuel/ prop ell ant  froa  service  tank  1 
through  check  valve  2 by  gravity/of  one's  own  accord  proceeds  to 
booster  puap  3.  Further  fuel/propellant  under  the  pressure,  created 
by  booster  puap,  through  low-pressure  throttle  valve  4 proceeds  to 
one  of  rotaaeters  6 and  then  through  low-pressure  filter  7 and 
tap/crane  8 into  tested  puap  9.  Froa  puap  the  fuel/propellant  through 
radiator  10  and  partially  through  high-pressure  throttle  valve  13 
enters  back  into  service  tank  1. 
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Pig.  105.  the  hydro-diagram  of  stand  of  fuel  pumps.  1 - service  tank, 
2 - the  stop  cock,  3 - booster  pump,  4 - low-pressure  throttle  valve, 
5 - distributing  cock,  6 - rotameters,  7 - low-pressure  filter,  8 - 
the  tap/crane  of  the  entry  into  pump,  9 - the  tested  pump,  10  - 
radiator,  11  - the  stop  cock  of  manometer  to  6 kg/cn2,  12  - manometer 
to  6 kg/cm*,  13  - high-pressure  throttle  valve,  14  - the  tap/crane  of 
manometer  to  25  kg/cm*,  15  - manometer  to  25  kg/cm2,  16  - nanometer 
to  150  kg/cm2,  17  - safety  valve,  18  - the  safety  low-pressure  valve, 
19  - tap/crane,  20  - piezometer,  21  - tap/crane,  22  - 
telet her no meter,  23  - the  shut-off  valve. 

Key:  |1).  Fire  drain.  (2).  From  water  pipe.  (3) . In  channelization. 
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Ihe  pressure  of  the  fuel/propellant  before  rotaaeters  regulates 
low-pressure  by  throttle  valve  4.  The  pressure  of  the  fuel /propellant 
before  tap/crane  8 checks  by  aanoaeter  12.  Pressure  at  the  entry  into 
paap  regulates  by  tap/crane  8,  and  they  check  by  piezoaeter  20. 
Pressure  at  output/yield  froa  puap  regulates  high-pressure  by 
throttle  valve  13,  and  they  check  by  aanoaeters  15  or  16  depending  on 
the  value  of  pressure.  The  teaperature  of  fuel/propellant  at  the 
entry  into  the  tested  puap  checks  by  telet heracaeter  22  and  regulate 
by  the  consuaption  of  the  water  through  radiator  10. 
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Page  132. 

Chapter  V. 


EXPERIMENTAL  STATIONS. 

1.  Classification  of  experimental  stations  and  requirements  for  them. 

At  experimental  stations  aircraft  engines  are  tested  under 
terrestrial  conditions.  Station  is  the  com (lex  of  construction 
constructions,  equipped  with  the  necessary  equipment.  Basic  of  them 
they  are:  boxes  (cabin/compartaent  of  tests) , where  are 
establish/installed  the  tested  engines;  the  cabin/compartaent  of 
control*  whence  is  conducted  engine  control  and  monitoring  of  their 
work,  and  technological  locations  for  the  arrangeaent/perautation  of 
the  ppwer-supply  systems  of  testing  units. 

To  the  auxiliary  locations,  necessary  for  operational  provisions 


of  the  services  of  an  entire  station,  they  are  related:  exchange 
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point/itea,  shop  of  aechanic  and  electrician,  departnent/separations 
of  aoeitoring-aeasuring  equipaent,  technical  and  adeiaistc ative 
services,  central  fuel  reservoir,  etc. 

She  central  fuel  reservoir,  arrange/located  at  a distance 
approxinately  200  a of  the  building  of  station,  is  the  deterained 
quantity  of  the  buried  tanks,  connected  with  each  other. 

Fuel/propellant  is  fed  to  testing  units  nechanically  (punps) , either 
under  the  pressure  of  dry  air  or  the  inert  gas,  forced  into 
reservoirs. 

Each  testing  unit  is  equipped  with  the  single-purpose  aachine, 
vhich  aakes  it  possible  to  deteraine  thrust  level  or  torsional  aoaent 
or  each  (duriag  testing  of  TVD  [T&£l  " turboprop  engine])  and  by 

the  systeas:  fuel,  oil,  starting/launching,  air  (coapressorless  VRD 
~ jet  engine]),  etc.  At  unit  there  is  a control  panel  of 
eqgine  with  aonitoriag-aeasuring  eguipaeat.  The  enunerated  equipaent 
and  systeas  provide  test  work  and  taking  the  necessary  engine 
characteristics. 

For  the  safety  control  and  health  and  hygiene  require aents  for 
the  construction  of  station,  are  equipped  with  the  ventilation 

f 

systeas,  noise  suppression,  fire-fighting  protection,  etc. 
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Jn  the  practice  of  tests,  is  found  a use  of  a station  of 
different  types.  Depending  on  the  purpose  of  the  tests  of  station, 
are  divided  into  the  experiaental  and  series.  By  the  type  of  the 
tested  engine,  are  distinguished  the  stations  for  testing  of 
compressor less  VBD  and  station  for  testing  compressor  VRD,  according 
to  operating  conditions  - open  and  closed  type  station. 

Page  133. 

Nhen  selecting  the  type  of  station  the  determining  factors  they 
are:  the  type  of  engine;  the  purpose  of  the  tests;  the 
designation/purpose  of  the  enterprise  in  system  of  which  is  located 
the  station;  the  type  of  the  taken  by  station  eguipnent;  the 
character  of  the  locality  in  which  is  arrange/located  station,  and 
its  climatic  conditions;  the  cost/value  of  experiaental  station. 

Simplest  are  open  type  stations,  whose  tested  engines  are  found 
oa  the  open  air  and  are  shielded  from  atmospheric  residue/sett  lings 
oply  by  mounting  fixtures,  and  control  and  observation  of  then  is 
conducted  from  the  cabim/coapartaents,  arrange/located  together.  Such 
stations  are  very  mobile  and  easily  they  can  be  moved  from  one 
area/site  to  another. 

0 

H 

Are  possible  the  cases,  when  it  is  expedient  to  forego  test 
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bench  for  installation  on  it  of  engine,  and  to  assenble  the  latter  is 
direct  on  engine  bed  in  aircraft  and  in  this  position  to 
experience/test.  This  unit  aakes  it  possible  to  neasure  the  actual 
thrust  force  of  engine  taking  into  account  losses  in  suction  and 
exhaust  ducts  of  aircraft  in  all  aode/cotditions  of  work  of  THD 
[ "Tf*#  - turbojet  engine]. 

Open  type  stations  are  coaparatively  cheap,  but  they  have  the 
essential  shortcoaings:  cannot  be  furnished  then  near  the  populated 
areas  due  to  the  absence  of  the  special  systens  of  noise  suppression; 
the  engine  installation  in  the  open  air  creates  inconveniences  for 
the  personnel,  which  operates  station,  it  iapedes  the  conditions  of 
the  test  work,  etc.  Open  type  experiaental  stations  are  applied  in 
the  report  bases. 

At  the  series  aircraft  engine-building  plants,  arrange/located 
in  area  of  the  large  populated  areas,  are  constructed  only  closed 
type  experiaental  stations,  in  which  the  engine  always  is  located 
indoor.  Closed  type  stations  provide  the  necessary  conveniences  to 
personnel,  they  nake  it  possible  to  apply  tho  highly  efficient 
aethods  of  noise  suppression. 

Depending  on  the  construction  of  boxes  and  their  arrangeaent 
relative  to  the  cabin/coapartaents  of  comtrol  finds  wide  application 
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several  foras  of  closed  type  experiaental  stations  whose  specific 
character  is  deter ained  by  tasks  enuaerated  below  and  requireaents. 

Experiaental  station  in  series  production  aust  ensure:  test  work 
with  the  ainiaua  expenditure  of  tiae  for  equipaent  and  engine 
installation;  the  test  conditions*  which  aaxiaally  approach  operating 
conditions  of  engine;  the  supply  of  large  quantities  of  filtered 
fuel/propellant;  the  cost-ef fectiveness/eff icieqcy  of  tests;  fire 
safety;  noise  suppression  and  good  ventilatiop. 

In  chapter  is  given  the  basic  infornation  about  closed  type 
plant  stations  for  testing  the  turboprop  and  turbojet  engines. 

Page  134. 


2.  Boxes. 


Vo  boxes  are  presented  the  following  requireaents: 


1)  the  suction  part  of  the  box  aust  provide  the  feed/supply  of 
the  tested  engine  by  the  air*  not  clogged  with  dust  and  exhaust 


gases* 


J/tf 
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2)  the  suction  part  aust  be  eguipped  with  silencer; 

3)  box  aust  provide  the  supply  of  air  froa  the  suction  part  to 
the  wprker  in  whoa  is  located  the  tested  engine; 

*)  exhaust  casing  of  the  box  nust  be  eguipped  with  deflector  of 
exhaust  gases  and  with  the  silencer,  which  lowers  the  noise  of  the 
pluae  exhaust; 

5)  box  aust  be  eguipped  by  doors  for  inport  and  export  of 
engines  and  by  lifts; 

6)  the  walls  of  box  aust  be  strong,  that  ensure  the  protection 
of  the  service  personnel  in  the  case  of  eaergency  and  destruction  of 
engine  daring  tests. 

t 

Since  boxes  design/project  universal,  designed  for  testing  of 
any  type  of  gas  turbine  engine,  the  paraaeter,.  which  deteraines  the 

I 

size/diaensioas  of  unit,  is  the  air  flow  rate  through  the  engine  and 
propellers,  i.e. , box  it  is  designed  for  testing  proaising  according 
to  poser  of  TTD. 

I 
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Pig.  206.  Types  of  boxes:  1 - entry  with  sound  suppressor,  2 - stator 
blades,  3 - entry  gate,  4 - aerodynamic  ring  (for  testing  of  TVD),  5 
- engine,  6 - ejector,  7 - exit  gate,  8 - output  diffuser,  9 - 
output/yield  with  sound  suppressor. 


Page  135. 

In  the  practice  of  tests,  find  a use  the  boxes  of  four  types, 
shown  in  Pig.  106.  Host  widely  used  of  th,ea  are  the  boxes,  presented 
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in  Pig.  106a  and  b.  The  device  of  the  silo  at  entry  provides  the 
feed/supply  of  engine  by  pure  air.  The  horizontal  ejection  of 
combustion  products  nakes  it  possible  to  successfully  stun  noise  with 
the  smaller  expenditures  of  resources,  than  in  the  case  of  vertical 
ejection.  Prom  this  viewpoint,  the  best  conditions  for  noise 
suppression  has  the  box  with  two  horizontal  shaft/mines.  the  very 
sane  has  the  best  aerodynamic  characteristics. 

Vhe  selection  of  one  or  the  other  type  of  box  is  dictated  by  the 
conditions  of  the  arrangement  of  plant,  by  type  and  the  power  of  the 
tested  engine,  by  the  distance  of  experimental  station  from  other 
objects  of  plant. 

The  test  pit.  as  can  be  seen  from  Pig.  106.  it  consists  of  three 
basic  parts:  by  the  suction,  worker  (engine  cafcin/conpartnent)  and 
exhaust.  In  engine  cab in/co apart sent  on  special  foundation,  is 
mounted  the  machine  tool  to  which  is  establish/installed  the  tested  I 

engine.  If  the  engine  is  turboprop,  then  at  the  entry  into  engine 
cabin/coapartaent  it  is  necessary  to  establish/install  aerodynamic 
ring  then  so  that  propeller  of  engine  wculd  be  located  within  it  and 
their  axle/axes  coincided.  The  distance  of  propeller- blade  tip  from 
the  wall  of  ring  must  be  not  less  than  0.5-0.75  a.  which  provides  a 
sufficient  clearance  for  the  prevention  of  the  vibrations,  excited  by  1 

the  option  of  blade  tips.  Aerodynamic  ring  provides  the  best 


w 
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conditions  of  the  flow  of  air  flow  about  the  screw/propeller. 

At  output/yield  fron  box,  is  establish/installed  ejection  pipe 
through  which  are  reaoved  the  coabustion  preducts  and  because  of 
which  are  decreased  the  teaperature  and  the  speed  of  exhaust  gases 
(because  of  air  suction).  Ejection  pipe  and  engine  nust  register. 

Fig.  107,  depicts  the  box  of  testing  unit.  To  box  engine  feed 
through  special  gate,  and  then  with  the  aid  of  electric  hoist 
establish/install  to  the  test  bench,  attached  on  the  special 
foundation,  which  absorbs  the  vibrations. 

Vibration  vibrations  in  foundation  are  partially  absorbed  by 
insulation  pillow  2,  aade  fron  cork  board,  the  disinfected  tree  or 
felt.  For  isolation/insulation  fron  lateral  vibrations,  there  is  an 
air  space  to  15-20  cn.  The  foundation  of  aachine  tool  nust  be  deeper 
than  the  foundation  of  the  walls  of  building,  which  decreases  their 
vibrations. 

For  the  target/purpose  of  decrease  in  the  fatigue 
voltage/stresses,  caused  by  vibrations  is  the  test  section  of  the 
box,  is  recoaaended  the  constructing  of  the  latter  fron  the 
prestressed  reinforced  concrete  with  the  thickness  of  walls 
approxisately  200  as. 


DOC  * 77233211 


3^ 

PAGE  -W 


Pig.  108,  shows  the  equipaent  of  engine  on  aachine  tool  in  the 
to*  before  beginning  of  tests,  while  in  Pig.  109,  - 
established/installed  on  aachine  tool  of  TVD. 

Is  very  iaportant  the  correct  selection  of  the  velocities  of  air 
circulation  in  the  suction  part  of  the  box  and  engine 
cabin/coapartaent,  and  also  the  rates  of  the  air  circulation  and 
coabustion  products  in  exhaust  casing. 
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Pig*  307.  Box  of  testing  unit;  1 - Machine  tool,  2 - insulation 
pillow,  3 - air  space,  4 - foundation,  5 - entry  into  box,  6 - 
louver,  7 - grid/cascade,  8 - sound  suppressor  at  entry,  9 - entry  of 
air,  30  - drive,  11  - aerodynaaic  ring,  t2  - engine,  13  - ejector,  14 
- electric  hoist,  15  - sound  suppressor  at  output/yield,  16-  recoil 
blades. 


PAGE  45 


Pig-  108-  Equipment  of  engine  on  nachine  tool  prior  to  tests 
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Fig.  .109.  Turboprop  engine  on  nachine  tool. 


Page  138. 


For  the  characteristic  o£  aerodynanics  of  boxes*  below  given  data  on 
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the  speed  of  the  air  circulation  and  exhaust  gases  in  the  different 
cross  sections  of  box  for  tests  of  TVD. 

Vhe  entry  of  air  in  the  suction  part  is  produced  at  a rate  of  of 
10-20  a/s.  The  average  speed  of  air  circulation  through  the  silencer, 
during  suction  can  be  accepted  as  20-30  i/s,  also,  of  the  leveling 
grid  J5-20  a/s.  In  the  plane,  swept  by  screw/prepellers  (at 
output/yield  from  aerodynanic  ring  4 in  Fig.  106),  the  air  speed  is 
obtained  froa  the  calculation  of  screw/propeller.  In  the  case  when 
the  efficiency  of  screw/propeller  is  equal  to  0.55  (flight  speed  of  V 
= 0) , the  speed  is  equal  to  45  a/s. 

In  sound  suppressors  on  exhaust^,  the  speed  is  accepted  order 
30-40  a/s.  The  saae  approxiaately  value  has  speed,  also,  at 
output/yield  in  the  ataosphere.  Due  to  air  circulation,  the  pressure 
in  the  suction  part  of  the  box  and  engine  cabin/coapartaen t usually 
on  100-300  aa  H20  is  lower  than  ataospheric,  J-ut  before  the  exhaust 
silencer  on  200-400  aa  H20,  it  is  higher.  This  fact  Bust  be 
considered  during  the  stress  analysis  of  box. 


3.  Coapartaents  of  control 
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During  engine,  tests  operating  personnel  is  located  in  the 
cabin/conpartaent  of  control,  arrange/located  next  to  box*  For 
providing  the  control  capabilities  with  engine  and  the  aonitoring  of 
its  work,  the  cabin/coapartaent  aust: 

1)  to  be  sufficient  for  the  arrangeaent/perautation  in  it  of 
eguipaent,  instruments  and  personnel; 

2)  to  ensure  the  possibility  of  visual  observation  (through 
special  windows)  of  the  state  of  the  tested  in  tox  engine; 

3)  to  guarantee  coaplete  safety,  that  is  located  in 
cabin/coapartaent  during  personnel  tests,  to  have  good  soundproofing 
and  ventilation; 

4)  to  be  well  illuainated  (by  day  is  desirable  the  natural 
illumination). 

Depending  on  the  number  of  serviced  boxes  of  cabin/coapartaent, 
they  can  be  individual  (one-way  or  bilateral)  and 

coaaoe/general/total.  Conaon/general/total  cabiq/coapartaa nts  they 
are  called  the  cab in/coa part Bents,  which  pperatc  aore  than  two  boxes. 
The  best  conditions  for  the  service  personnel  can  be  created  in 
individual  cabin/coapartaent.  Bore  compact  cheaper  and  aore 
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convenient  for  technical  direction  of  replaceaent  (possibility  of 
sinultaneous  observation  of  work  of  all  crens,  who  operate  units) , is 
the  general  cabin/conpartaent  of  control. 

A selection  of  one  or  the  other  type  of  cahin/coapart aents  is 
deterained  by  the  planned  progtaa  of  the  issue  of  engines,  by  their 
type  and  the  power,  accepted  by  the  scheaatic  of  the 
arrangeaent/per nutation  of  engine  in  box  and  by  the  constructicn  of 
box. 

Page  339. 

The  sex/floor  of  the  cabin/coapartaent  of  control  is 
establish/installed  in  special  coluans  and  do  not  connect  it  with  the 
walls  of  box,  which  substantially  attenuate/weakens  the  vibrations, 
transferred  froa  the  tested  engine. 

In  the  cabin/conpartaents  of  experiaental  stations,  they  place 
the  special  eguipaent,  basis  of  which  is  the  control  panel  of  engine, 
equipped  with  aonitoring  instruaents. 

Control  panel  is  placed  usually  outside  the  plaae  of  the 
rotation  of  the  rotor  of  engine*  On  panel  furnish:  engine  controls, 
its  assenblies  and  the  support  systeas:  nonitoring  instrunents;  the 

\ 
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additional  instruaents,  necessary  for  the  aeasurenent  of  the  testers 
of  values  interesting;  the  signaling  systea.  Above  the  panel  is 
located  observational  window. 

The  basic  reguireaent,  presented  to  control  panel,  consists  in 
the  arrangeaent  of  instruaents  and  controls  aaking  it  possible  with 
the  greatest  convenience  to  control/guide  engine,  to  control 
instraaents  and  to  record/fix  their  readings. 

Pig.  110,  shows  control  panel.  In  the  center  section  of  the 
panel,  are  arrange/located  the  sectors  of  control,  the  pushbutton 
systea  of  electric  start  and  the  instruaents,  which  characterize  the 
engine  operation. 

Nearer  to  center  section  are  furnished  the  instruaents  whose 
readings  aust  be  record/written,  are  further  — instruaents  chart 
recorders. 


i 
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Fig.  110.  Control  panel. 

Key:  <1).  Tachometer. 

Page  140. 

One- type  instrunents  or  the  instruments,  intended  for  the  neasurenent 
of  the  determined  values,  must  be  disposed  of  separate  groups, 
instruments  with  especially  sensitive  mechanisms  one  should 

I 
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establish/install  in  the  places,  iaaune  to  to  vibrations,  in  packing 
of  sponge  robber. 

On  testing  units  the  control  panel  is  located  on  sufficiently 
large  distance  (4-6  a)  fron  engine.  Under  these  conditions  the 
translation  of  aotion  froa  sectors  on  control  panel  to  levers  on  the 
tested  engine  presents  soae  difficulties. 

The  teletransaissions  of  control  aust  provide: 

1)  the  evenness  of  course  and  the  absence  of  large  friction; 

2)  tuning  precision; 


9)  the  constancy  of  the  relative  position  of  the  lever  of  sector 
aqd  adjustable  lever; 

4)  insensitivity  to  vibrations  and  change  in  the  aabient 
teaperature; 

5)  rapid  and  light/lung  connection  to  levers  and  disconnection 
froa  thea. 

As  connection  between  sectors  on  panel  and  controls  in  engine 
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are  applied  thrust/rods  with  hinge  joints,  and  also  cable,  electrical 
and  hydraulic  drives. 

Operating  experience  shoved  that  daring  easeful  control  and  with 
correct  departure/care  the  drives  of  all  indicated  types  work 
noraally  and  provide  reliable  engine  ccntrol.  True,  they  all  by  no 
aeans  to  identical  degree  and  in  conplete  neasure  satisfy  conditions 
placed  above. 

Proa  listed  drives  considerable  propagation  received  reliable 
and  sinple  in  control  hydraulic  drives.  During  the  application/use  of 
a cable  transfer,  neet  the  difficulties  the  eliaination  of  the  gaps, 
vhich  nix  the  fine  tuning  of  engine  to  the  assigned  aode/conditions. 
Electrical  transfares  Unit  the  possibilities  of  tests,  so  they  do 
not  sake  it  possible  to  produce  the  nonunifora  displaceaent/ao venent 
of  the  sectors  of  control. 

Pig.  Ill,  shovs  the  scheaatic  diagraa  of  hydraulic  drive.  Drive 
consists  of  transaitting  and  sensors,  connected  by  tube.  Systea  fills 
with  transforaer  oil  or,  vith  the  wish  to  lover  the  viscosity  of 
liquid,  by  the  nixture  of  transforaer  oil  vith  kerosene.  Each  of  the 
cell/eleaents  of  drive  is  equipped  by  the  piston,  spring-loaded.  In 
systea  is  provided  the  identical  displaceaent/aoveaent  of 
transaitting  and  sensors.  Because  of  spring  effect,  the  liquid  alvays 
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is  found. 

The  conduit/aanif old  between  the  traesaitting  (arrange/located 
oi|  panel)  and  receiving  (arrange/located  on  engine  or  nachine  tool) 
nechanisas  can  be  laid  in  any  place  of  box. 

For  convenience  in  the  aaintenance  of  unit  during  testing  in  the 
cabin/conpartaents  of  control*  is  used  extensively  light  signaling 
(polychroaatic  incandescent  bulbs*  arrange/located  on  control  panel). 

Page  J41. 

Thus*  for  instance*  light  signaling  prevent/warns  about  the 
connection/inclusion  of  current  at  unit*  about  the  beginning  of 
training/preparation  for  starting/lauaching*  about  engine  starting* 
about  the  presence  of  fuel  feed  for  engine*  etc. 

The  installation  of  the  signaling  systeas  (including  of  the 
systea*  which  operates  aeasureaents)  produce  in  dependence  on  the 
type  pf  engine*  of  testing  unit  and  the  used  with  it  arrangeaent 
systeas  of  eguipaent. 


Jn  ccbin/coapartaeat  it  is  desirable  to  ensure  the  coaplete 
exchange  of  air  approxiaately  during  every  10-15  ain.  One  should 
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entire  fuel  aanifold  consist  into  the  special  bellows*  which  has 
separate  ventilation. 


Hm.  Testing  units  and  their  arrangesent  at  station. 


Are  applied  at  present  the  testing  units  of  two  types  (Pig. 

112).  A vital  difference  in  then  is  in  the  arrangesent  of  the  tested 
engine  in  box  relative  to  cabin/cospartnent  and  control  panel.  At  the 
unit*  given  in  Fig.  112a*  the  engine  side-by-side  to  control  panel* 
while  at  unit  (Fig.  112b)  - it  is  perpendicular. 
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Fig,  111.  Schenatic  diagcaa  of  hydraulic  drive.  1 - the  transacting 
cell/eleaent,  2 - conduit/aanifold,  3 - sensor,  4 - lever  on  engine. 

Page  142. 

la  the  first  type  of  installations,  the  boxes  are  less  coaplex  by 
construction  and  by  siapler  resources  satisfy  aerodynanic 
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requireaents.  In  second  type,  units  is  guaranteed  the  greater  safety 
of  the  service  personnel,  since  the  rotation  of  coapressor,  turbine 
and  propeller  occurs  in  the  plane,  parallel  to  the  cabin/c oa pa rtaent 
cf  control.  Depending  on  the  selected  type  of  testing  units, 
plan/glides  their  arrangeaent  at  station. 

In  Fig.  113  are  shown  four  versions  of  the  arrangeaent  of 
installations.  On  diagraas  Fig.  113a  and  b,  are  shown  to  station  with 
the  boxes  in  which  the  engines  side-by-side  to  panels,  while  on 
reaaining  diagraas  - station  with  the  boxes  in  which  the  engines  are 
arranged  is  perpendicular  to  panels.  In  soae  stations  (Fig.  113a,  b 
and  d)  are  applied  the  units  with  the  individual  cabin/con partaents 
cf  control  (one-way  - in  Fig.  113a  and  bilateral  - in  Fig.  113b,  d), 
while  on  others  (Fig.  113c)  - with  the  coaaon/general/tota 1 
cabin/coapartaent  of  control. 

Vhe  boxes  of  all  testing  units  aust  be  iaparted  with  exchange 
point/itea  5,  in  which  the  engine  is  prepared  for  tests,  and  then 
they  send  into  the  shop  of  sorting/partition  or  to  the  storage  of 
expedition. 

On  diagraas  Fig.  113a,  b,  c shown  single-row  arrangeaent  of 
testing  units  at  station,  while  in  the  diagraa  Fig.  113d  - two-row 
arraaigeaent.  The  single-row  arrangeaent  of  installations  facilitates 
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the  arrangement /permutation  of  station  in  the  territory  of  plant,  the 
centralized  fuel  supply,  simplifies  conditions  of  fire-fighting 
protection  and  the  feed/supply  of  engines  by  pure  air. 

Besides  locations  indicated  above  basic,  at  station  a 
considerable  quantity  of  area  is  abstractj/renoved  for  auxiliary 
services.  Area  under  auxiliary  locations  is  selected  and  design  on 
the  basis  of  the  corresponding  norms. 


Pig.  112.  Schematics  of  testing  units.  1 - box,  2 - the 
cabin/compartaent  of  control,  3 - technological  location,  4 - 
panel#  5 - inspection  window,  6 - engine,  7 - the  entry  of  air 
ejection  pipe. 


control 
, 8 - 
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The  part  of  the  station  where  place  auxiliary  locations 
(storage,  adainistrative-econoaic,  public  organizations  and 
everyday),  aust  be  two-story.  Area/site  under  station  is 
abstract/reaoved  usually  of  the  boundary/interface  of  plant 
territory,  next  to  asseably  shop,  in  accordance  with  the  ruling  wind 
direction.  Exhaust  gases  aust  not  be  taken  away  to  the  territory  of 
plant.  Near  station  aust  be  the  approach  railway  lines,  which  ensure 
the  supply  of  fuel  to  fuel  tank.  Near  froa  station  aust  be  furnished 
expedition,  where  they  pass/return  engines,  successfully  passed 
tests. 


5.  Test  benches  and  the  aethods  of  deteraining  the  thrust/rod. 


Thrust  force  aust  be  deterained  with  high  degree  of  precision. 
During  the  aeasurenent  of  thrust/rod,  the  peraissible  error  aust  not 
exceed  *,0. 5 o/o  of  the  value  of  full  thrust. 
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Pig,  113.  Scheaatic  of  arrangeaent  of  testing  units  at  station  (by 
rifleaan/pointers  is  shown  direction  of  air  circulation  in  boa).  1 
box,  2 - the  cabin/coapartnent  of  control,  3 - aachine  tool  with 
engine,  4 - control  panel,  5 - exchange  point/itea. 


Page  .144. 
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All  types  of  test  beaches  aust  satisfy  the  following 
requirements: 

.1)  to  possess  sufficient  sechanical  strength  and  rigidity  with 
relatively  saall  size/dinensions  and  weight; 

2)  not  to  create  additional  resistance  on  the  approach  of  air  to 
engine; 

3)  to  provide  the  reliable  fastening  of  engine  and  accessibility 
to  it  for  the  execution  of  the  works,  connected  with  its  naintenance; 

S)  the  construction  of  aachine  tools  aust  allow/assune  testing 
on  then  the  different  modifications  of  just  one  type  engine; 

5)  guarantee  sufficiently  large  service  life. 

All  the  applied  aachine  tools  can  be  broken  into  rigid  and 
flexible.  On  rigid  aachine  tools  the  frane  with  the  fastened  to  it 
engine  is  fixed.  Onlika  then,  the  platfora  on  flexible  aachine  tools 
can  be  aoved  within  the  Units,  limited  by  detents. 


J 
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Deter* in at ion  of  thrust/rod  on  rigid  aachine  tools. 


During  testing  on  rigid  aachine  tools  the  engine  thrust 
deteraines  by  calculation  on  the  basis  of  well-known  foraula  (for  the 
case  - flight  speed  c 3 0) 

cs  + Fs(Ps-Po).  (118) 

g 

For  aula  (118)  shows  that  for  deter  ala  iag  the  vale*  of  throst/rod 
it  is  necessary  to  know  the  area  of  jet  uozzie  p5,  and  the 
expenditure/consuaption  of  air  & p>  the  expenditure/consuaption  of 
fuel/pcopellant  GT  , the  outlet  gas  velocity  fron  nozzle  cs,  static 
pressure  in  nozzle  edge  p9  and  pressure  in  box  p0.  This  aethod  is 
coaplex  and  bulky*  furthermore,  it  is  not  possible  with  high  degree 
of  accuracy  to  aeasure  the  flow  rate  of  air  and  the  exhaust  gas 
velocity.  Therefore  it  is  applied  rarely. 


If  we  into  expression  (118)  substitute  by  the  formulas,  known 

froa  gas  djaaaic*  value 


u,  + 0T=0r  = 


* (119) 

V fir] 


and  to  conduct  uncomplicated  conversions,  then  ie  Mill  obtain 
expression  for  4etersinis9  the  thrust/ rod  in  the  folloaiag  fori: 

R=~2 

Page  1*5. 

The  value  of  adiabatic  index  k#  entering  the  expressions 
(t19)  - (12  1),  that  depends  on  the  coaposition  of  gases  and 
teaperature,  vith  sufficiently  high  degree  of  accuracy  it  is  possible 
to  accept  as  constant. 


I , • \ * 

I U.  ) - 1 F»+F*  (Pi  - /’o)- 
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During  engine*  tests  is  usually  of  interest  the  value  of 
reactive  thrust/rod,  led  to  International  standard  atnosphere 
(international  standard  ataosph) : 


(122) 


After  substituting  into  expression  (122)  value  of  B froa  for  aula 
(121)  b we  will  obtain 


/?.  p=  1.033 


»*(123) 


Thus*  for  determining  the  led  to  International  standard  ataosph 
value  of  the  jet/ceactive  thrust  it  is  necessary  to  neasure  the 
aediun  coaplete  and  static  pressures  of  gases  at  output/yield  from 
jet  nozzle  and  the  pressure  in  box*  and  then  tc  use  foraula  (123). 

The  value  of  coaplete  and  static  noztle  exit  pressure  can  be 
determined  with  the  aid  of  three  coabs*  establish/installed  at  an 
angle  of  120°  to  each  other  and  united  by  common/ general/t otal 
collector/receptacle  for  an  averaging.  Por  the  case  when  pressure  p9 
* p0*  formula  (123)  assunes  the  fora 
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6y  gas- dy nami c method  on  rigid  machine  tool  thrust/rod  is 
measured  with  accuracy  less  than  with  the  aid  of  dynaaoaeters  on 
flexible  aachine  tool,  but  coapletely  satisfying  the  reguireaents  for 
technical  specifications  with  the  delivery  of  series  of  TRD. 


Determination  of  thrust/rod  on  flexible  aachine  tools. 


Side  acceptance  obtained  the  aethcd  pf  the  direct  measurement  of 
thrust  force  on  flexible  aachine  tools.  In  this  case  the  engine  is 
establish/installed  in  special  platform  or  the  frame  which  can  be 
moved  in  direction  of  the  developed  with  engine  thrust.  The 
displaceaent/aoveaent  of  platform  is  determined  by  the  device  of 
force  gauge  and  lie/rests  within  limits  CU. 2-3  am.  Usually  platform 
has  its  detents,  which  limit  its  motion. 

All  flexible  aachine  tools  consist  of  transfer  table  (frame)  and 


fixed  mounting  (basis) 
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According  to  structural/design  sign/criteria  aachine  tools  can  be 
divided  into  three  basic  groups:  aachine  tools  with  plat£ora  on 
rollers;  aachine  tools  with  suspension  platfora  and  aachine  tools 
vith  the  platfora,  strengthened  to  flexible  rods. 

By  the  first  types  of  aachine  tools,  which  obtained  propagation 
during  testing  of  air-breathing  engines,  were  aachine  tools  with  the 
platforas,  establish/installed  on  rollers*  They  were  characterized  by 
low  sensitivity  and  the  poor  stability  of  readings  due  to  the  high 
contact  voltage/stresses  in  rollers  and  the  rapid  wearing  capacity  of 
their  path/tracks.  Therefore  at  present  aachine  tools  with  platfora 
iq  rollers  are  not  applied* 

Suspension  platens  can  be  suspend/huag  to  the  ceiling  of  box  or 
to  the  special  buck  stays,  rigidly  stationary.  Considerably  larger 
operational  advantages  possess  aachine  tools  with  the  platforns, 
suspend/hung  to  special  buck  stays.  Depending  on  the  kind  of 
suspension  the  indicated  category  of  aachine  tools  can  be  broken  in 
turn,  into  two  foras:  aachine  tools  with  the  suspension  of  platfora 
on  connecting  rods  and  aachine  tools  with  the  suspension  of  platfora 


346 
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od  elastic  tapes. 

Machine  tool  with  the  suspension  of  platfors  on  connecting  cods 
consists  of  four  buck  stays  1 (Fig-  1M),  rigidly  attached  on  special 
foundation;  transfer  table  14,  suspend/bung  froa  four  connecting  rods 
6;  the  aechanisa  of  rodding  to  neasuring  device;  two  struts  10  and 
support  12  for  fastening  of  engines  in  aobile  platen. 


7. 


Fig.  114.  Machine  tool  with  suspension  platforn  on  connecting  rods.  1 
- the  buck  stays,  2 - branching/fork,  3 and  4 - thrust/rod,  5 - 


DOC  « 77233211 


JV7 

PAGE  39 


g- shaped  lever,  6 - connecting  rods,  7 - lower  finger/pins,  8 - the 
screw/propeller  of  detent,  9 - finger/pins,  10  - the  strut  of 
transfer  table,  11  - tip  bearing,  12  - the  asseably  of  the  third 
support,  13  - the  thrust/rod  of  lower  support,  14  - transfer  table. 

Page  147. 

The  application/use  of  spherical  (adjusting  thenselves)  bearings 
in  socket  joints  of  suspensions  Bakes  it  possible  for  platforn  easy 
to  be  uoved  under  the  action  of  effort/force.  Stall  end  of  connecting 
rod  is  equipped  by  one  bearing,  and  big  end  carried  out  in  the  fora 
of  brancking/fork,  has  two  bearings  and  is  connected  with  the  ear  of 
platfpra  14  by  finger/pins  7.  The  extent  of  aoveaents  lengthwise  is 
liaited  to  screw/propellers  8.  possible  during  operation  3f  engine  on 
aachioe  tool  the  lateral  displaceaent/aoweaents  of  platforn  are 
liaited  to  special  detents.  The  pernissible  by  liniters  lateral 
displaceaent/aoveaent  of  platforn  oscillates  within  Units  0. 1-0.3 
an. 


The  displacenent/novenent  of  platen  lengthwise,  under  the  effect 
of  the  thrust  force  of  the  tested  engine,  conposes  a coapa rati vely 
high  value  (2-3  an) ; during  such  displaceaent/aoveaents  the  hose  of 
fuel  systea,  connected  to  engine  and  which  is  located  during  testing 
under  high  pressure,  introduces  distortions  into  the  accuracy  of 


DOC  » 77233211 


PAGE  -W 


aeasur eaent.  It  is  not  possible  to  decrease  the  displacenent/aoveaent 
of  platfora,  since  to  it  is  inpossible  completely  reaove  gaps  in 
socket  joints  of  aachine  tool. 

The  accuracy  of  the  neasnrenent  of  thcust/rod  descends  also  due 
to  lateral  displaceaeat/aoveaents  and  the  appearing  in  this  case 
friction  between  guide  bearing  and  the  liaiter. 

Moninspection  to  the  indicated  shortcoaings,  aachine  tool 
soaetiaes  it  is  applied  in  the  practice  of  production  type  tests  of 

?1D. 


Pig.  115,  shows  the  scheaatic  of  aachine  tool  with  the 
suspeesio^  of  platfora  on  elastic  tapes.  Platfora  5,  is  connected  with 
aounting  by  2 four  steel  strips  3,  fixed  to  the  supports  of  platfora 
and  aountings  power  bolts.  On  strips  there  are  special  thickenings 
for  the  best  fastening  to  supports. 


DOC  - 77233211 


PAGB  >1 


Pig.  115.  Nachine  tool  with  suspension  platforn  on  elastic  strips.  1 
- dynanoneter,  2 - Mounting,  3 - elastic  strip,  4 - device  for 
calibration,  5 - platforn. 

Page  348. 

Daring  the  application/use  of  an  elastic  strip  with  ratio  a/b  on  the 
order  of  50,  are  absent  the  cross  travels  of  nachine  tool,  which 
raises  the  accuracy  of  the  aeasureaent  of  thrust/rod.  Machine  tool 
•itl)  tape/ st  rip  suspensions  as  con  pared  with  nachine  tool  with 
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connecting  cod  suspensions  is  characterized  by  larger  siaplicity  and 
reliability  of  supports  (strips). 

The  displaceaent/aoveaent  of  platen  under  the  effect  of  the 
thrust  force  of  the  tested  engine  nust  be  low  (for  the 
except ion/eliainat ion  of  the  influence  of  the  elasticity  of  strips) 
and  at  conteaporary  units  does  not  exceed  0.5- 1.5  an. 

Of  sone  aachine  tools  the  platfora  is  establish/installed  in 
vertical  flexible  rods  and  liait  its  displaceaent/aoveaent  on  0.2-0. 5 
aa.  Because  of  this  low  displaceaent/aoveaent  the  accuracy /precision 
of  the  deteraination  of  thrust/rod  is  raised. 

The  indicated  aachine  tools  are  very  siaple  and  it  is  expedient 
to  apply  then  for  the  engines  of  low  weight. 

Of  the  scheaatics  exaained  above  of  aachine  tools  for 
deteraining  thrust/rod  the  greatest  propagation  received  the  aachine 
tools  with  the  platforas,  suspend/hung  froa  elastic  strips. 

Calibration  of  aachine  tools. 
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For  the  purpose  of  obtaining  the  sore  precise  readings  of 
thrust/rod,  one  should  on  all  types  of  aachine  tools  create 
preliminary  interference  of  transfer  table.  For  this,  it  is  expedient 
to  provide  lever/crank-tightening  devices  which  sinultaneo usly  can  be 
calibration  instruments. 

On  platens,  there  are  special  attachments,  employed  for 
fastening  of  engine  - the  engine  mounts.  Of  some  types  of  machine 
tools,  the  engine  mounts  are  absent,  and  engines  are  fastened  to 
special  assemblies  directly  on  platform. 

f 

Points  of  attachment  design  so  that  not  to  limit  the  freedom  of 
the  notion  of  engine  after  starting/launching,  because  of  the 
temperature  expansions  of  some  of  its  parts.  Engine  is  fastened  on 
aachine  tool  at  three  points. 

For  the  observance  of  the  accuracy  of  the  measurement  of  i/ 

thrust/rod,  all  the  connections  with  the  pouer  supply  units  and 
engine  control  make  elastic.  To  achieve  the  absolute  accuracy  of  the 
measurement  of  thrust/rod  is  impossible,  due  to  the  presence  of 
forces  of  friction  in  the  measuring  system  and  influences  of 
different  compounds.  In  connection  with  this  is  necessary  the 
calibration  of  aachine  tool  together  with  the  assigned  to  it  rf 

measuring  device. 


1 
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She  calibration  of  Machine  tool  is  produced  with  the  assembled 
on  it  engine.  Calibration  is  of  two  kinds:  static  with  non  operational 
engine  and  dynaaic  with  worker.  The  dynanic  calibration  of  aachine 
tool  is  prodoced  very  rarely;  therefore  we  will  not  it  exaaine. 
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tor  calibration  are  applied  the  special  devices,  temporarily 
establish/installed  by  row/series  with  machine  tool,  or 
lever/crank-tightening  devices,  entering  the  construction  of  some 
machine  tools.  With  the  aid  of  calibration  instrument  artificially  is 
reproduced  the  load  on  machine  tool,  which  corresponds  in  the 
direction  to  the  engine  thrust.  Calibration  instruments  can  be 
different  in  construction  acd  in  operating  principle.  Simplest  and 
widely  used  in  the  practice  of  tests  are  lever/crank  type  calibration 
instruments. 

Fig.  116  lever/crank  type  shown  calibration  device,  two  struts  7 
which  are  fastened  with  bolts  6 to  foundation  along  both  sides  of 
machine  tool.  The  vertical  position  of  struts  regulates  by  detents  6 
with  the  aid  of  trailer  connection  5-  In  the  upper  part  of  the 
struts,  are  hinged  attached  L-shaped  levers  11,  connected  with  the 
aid  of  finger/pins  12  with  trailers  16,  which  have  trailer  connection 
IS.  To  another  end  of  the  levers  from  rod  10,  are  suspend/hung  cups  9 
for  the  location  of  calibration  loads.  The  second  end  of  the 
thrust/rod  through  the  branching/fork  of  3 bracket  2 is  connected 
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transfer  table  of  test  bench.  On  lever  13,  which  is 
of  lever  11,  is  attached  counter wei9ht  14. 
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Pig.  116.  Device  for  calibration  of  aachine  tools.  1 - 
branching/fork,  2 - bracket*  3 - the  clanp  bolts  of  bracket*  4 - the 
strut  of  aobile  platen,  5 - trailer  connection*  6 - detents*  7 - the 
strut  of  calibration  device*  8 - the  claap  bolts  of  struts*  9 - cargo 
cup,  10  - rod,  11  - L-shaped  lever*  12  - finger/pin,  13  - lever,  14  - 
sliding  weight  of  counterweight,  15  - trailer  connection,  16  - 
thrust/rod. 


Page  150. 

During  the  installation  of  calibration  device  the  length  of 
thrust/rod  16  with  the  aid  of  trailer  connection  is  regulated  so  that 
the  aale/azis  of  finger/pin  12*  which  connects  thrust/rod  with  lever, 
would  be  aisaligned  to  the  side  of  engine  to  1.5-2  na  relative  to  the 


It 


I 

3a 
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axle/axis  of  the  finger/pin t connecting  levee  with  the  strut  of 
device  (length  of  thrust/rods  in  this  case  aust  be  identical).  Then 
are  hung  rods  with  load  cups  and  to  the  rifleaan/gunner  of  the 
■ensuring  device  of  aachine  tool  they  cstablish/iastall  in  "O*  by 
weight  shifting  It  in  levers  13. 

for  the  calibration  of  the  aachine  tool  of  cup  9,  place  the 
loads  with  a weighing  of  10-25  kg  and  reeprd/write  readings  of 
weighing  device  of  the  record  sheet  of  calibration.  Then 
consecutively  increase  load  and  record/write  readings  of  draft  gauge. 

Peak  load  aust  by  10-15o/o  exceed  the  full  thrust,  developed  with 
eogine.  In  this  case,  it  is  necessary  to  consider  the 
relationship/ratio  of  aras  a and  b of  lever  11. 

•or  testing  of  the  sensitivity  of  aachine  tool  to  both  cups, 
they  add  by  equal  portions  the  load,  corresponding  to  weight  0.5o/o 
cf  seasured  or  full  thrust  (that  it  depends  on  the  effective 
technical  specifications).  If  with  the  addition  of  this  load  are  not 
changed  readings  of  draft  gauge,  then  it  is  necessary  to  unload 
calibration  device  and  to  test  that  are  there  no  interferings  in  the 
co  s pone  at/  links  of  nachine  tool,  device  or  aeasaring  device.  The 
discovered  defects  aust  be  reaoved,  and  the  calibration  of  aachine 
tool  aust  be  aanufactured  repeatedly. 
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After  couplet  ion  of  the  load  of  calibration  device,  they  begin 
its  unloading  by  the  gradual  taking  of  loads  froa  cargo  cups.  In  this 
case,  also  are  record/written  readings  of  neasuring  device  on 
calibration  accuracies  on  which  they  were  record/fixed  earlier  than 
the  reading  with  an  increase  in  the  load. 

It  in  readings  of  draft  gauge  on  the  sinilar  points,  obtained 
with  loading  and  unloading  of  calibration  device,  disagree  sent  will 
exceed  *0.50/0  froa  full  (or  soaetines  aeasured)  thrust,  then  nachine 
tool,  calibration  device  and  aeasuring  device  aust  be  tested,  but 
calibration  oust  be  repeated. 

After  the  coaplete  renoval  of  load  froa  calibration  device,  it 
is  necessary  to  rock  transfer  table  of  nachine  tool  and  to  give  to  it 
possibility  to  be  balanced.  In  this  case,  the  rif leaan/gun ner  of  the 
indicator  of  aeasuring  device  it  aust  show  the  zero  value  of 
thrust/rod.  At  the  teraination  of  calibration,  is  constructed  the 
calibration  graph  of  aachine  tool  according  to  the  average  data, 
obtained  with  load  and  unloading  of  calibration  device. 

The  calibration  of  aachine  tool  one  should  produce  not  thinner 
than  one  tines  in  aonth,  or  before  the  prolonged  and  after  endurance 
test  of  engine  and  after  each  sorting/partition  of  aachiae  tool.  In 
dependence  on  the  device  of  aachine  tool*  character  of  the  conducted 
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tests  and  construction  of  calibration  device  the  process  of 
calibration  can  have  its  special  feature/peculiarities,  in  connection 
with  shich  the  order  of  the  calibration  is  indicated  in  the 
corresponding  technical  specifications  and  records. 

Page  151. 


6.  Test  benches  and  the  nethods  of  determining  the  torsional  nonent. 


By  the  basic  parameter,  which  characterizes  the  effectiveness  of 
turboprop  engines,  is  the  power,  absorbed  propellers.  The  direct 
aeasureaeat  of  power  during  test  work  is  irraticnal.  Usually 
effective  power  is  deteraiaed  by  indirect  method  from  the  formula 


M*0n 

N = — • 

* 716,2 


(125) 


During  the  deteraination  of  the  power  of  turboprop  engines,  it 
is  necessary  to  focus  special  attention  on  aethods  and  the 
accuracy/precision  of  the  deteraination  qt  the  torsional  aoaent.  The 
peraissible  error  according  to  the  effective  technical  specifications 
aust  aot  exceed  ♦O.So/o  of  the  aaxiaua  value  of  the  measured 


torsional  aoaent. 
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The  aethods  of  deterniniag  the  torsional  acaent,  used  fcoa 
experimental  stations,  are  different.  But  in  all  cases  the  tested 
engine  is  installed  on  rigid  (with  fixed  platfora)  or  flexible  bob 
aachine  tool  (with  the  rocking  platfora). 

Beguireaents  for  the  indicated  aachine  tools  are  identical  to 
those  given  above  reguireaents  for  aachine  tools  for  deter aining 
reactive  thrust/rod. 

Independent  of  the  type  of  the  aachine  tool  on  which  is  tested 
the  tarboprop  engine,  the  necessary  cell/eleaent  of  testing  unit  is 
the  brake,  which  absorbs  the  power  of  engine. 

During  testing  of  turboprop  engines,  find  vide  application  air 
and  hydraulic  brake.  Is  air  brakes  are  applied  propellers  of  engines, 
iir  brakes  are  applied  during  engine  testing  both  on  rigid  and  on  bob 
aachine  tools.  Hydraulic  brakes  are  applied  only  during  engine 
testing  on  rigid  aachine  tools. 

Let  us  pass  to  the  exaaination  of  tke  different  aethods  of 
deteraining  the  torsional  aoaent  of  turboprop  engine. 


Tests  of  turboprop  engines  on  rigid  aachine  tools  with  propellers  and 


^60 
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hydra* lie  brakes. 


Pig.  117,  shows  the  eachioe  tool,  which  is  rigid  open  fra  we, 
attached  on  the  foundation  and  carrying  on  thenselves  power  fraae  2 
with  engine  aount  1.  To  the  latter  is  fastened  the  engine  whose  power 
is  absorbed  by  propeller.  Machine  tool  is  very  siaple  by 
construction,  it  is  convenient  in  operation,  it  is  designed  to  engine 
testing  of  large  power. 

Page  152. 

Engine  testing  of  snaller  powers  is  possible  during  the  uncoa^.  icated 
conversion  of  aachine  tool  - setting  to  the  pqwer  ring  of 
iateraediate  fraae. 

To  apply  air  controllable-pitch  propeller  as  a brake  of  this 
type  pf  engine  is  possible,  if  the  characteristic  of  the  latter  is 
entered  into  range  OAVO  (Fig.  118).  Line  0/\  corresponds  to  the 
aa nines  value  of  the  blade  eagle  while  line  OV  - the  ainiaun 

value  of  the  blade  angle  M'min-  Point  A corresponds  to  the  aaniaua 

P 

torsipnal  aoaent.  (j) oint  V liaits  the  aaniaua  peraissible  froa 
condition  strengths  of  screw/propellers  revolutions.  Line  /? /3 
characterizes  power  change  with  * const. 
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the  knowledge  of  dependence  that  which  is  absorbed  by  the 
scre*/propeller  of  power  on  revolutions  for  different  values  y » 
const  lakes  it  possible  in  principle  to  determine  the  power  of 
engine.  But  virtually  aethod  is  applied  rarely,  since  the 
characteristics  of  screw/ propeller  in  work  in  bcx  are  not  stable  and 
cannot  be  obtained  with  the  necessary  degree  of  accuracy. 

To  determine  torque  on  the  shaft  of  the  engine,  tested  on  rigid 
■achiae  tool  with  propellers  as  brakes,  possible  also  at  special 
torque  aeters  (rk'M)  (see  Chapter  III). 

Considerable  propagation  for  absorption  and  leasureaent  of  power 
was  received  hydraulic  brake.  Fig.  119,  shows  the  schematic  of 
setting  turboprop  engine  3 on  rigid  aacbine  tool  4 with  hydraulic 
brake  1 as  the  absorber  of  power. 

I 
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Pig.  117.  Rigid  nachine  tool  foe  testing  HID  with  propeller.  1 - the 
engine  aount,  2 - power  fra  we,  3,  4 - braces,  5,  6 - strut,  7,  8 - 
data  points,  9 - a ms. 


Page  J53. 

(lachine  tool  is  the  rigid  farn/truss,  establish/installed  on  special 
foundation.  1 

the  operating  principle  of  hydraulic  brake  is  based  on  the  use 
of  resistance,  which  appears  during  the  rotation  of  disks  in  liquid. 

The  schematic  diagran  of  hydraulic  brako  is  shown  in  Pig.  120.  To 

(shaft  1,  is  aounted  brake  disc  2,  which  rotates  in  the  housing  of 

1 l ' 

stator  5,  which  can  be  turned  in  bearings*.  Hater  along  tube  3,  U] 

1 
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equipped  with  valve/gate  4,  under  constant  pressure  proceeds  to  the 
center  of  disk  2,  whence  under  the  actio*  of  centrifugal  force  it  is 
reject/thrown  to  the  periphery  of  disk.  Discharge  water  is 
abstrfcct/reaoved  through  tube  6.  The  thickness  of  the  layer  contained 
jacket  water  and,  therefore,  the  power,  adsorbed  by  brake,  regulate 
by  rotary  branch  connections  8 with  the  aid  of  wora  gear  7. 

The  hydraulic  resistance,  which  effects  on  disk  during  its 
aotioe  in  a layer  of  water,  creates  brakiag  aoaent.  The  latter  is 
directed  against  the  rotation  of  disk  and  balances  the  equal  to  it, 
but  oppositely  directed  torsional  aoaent,  applied  to  the  shaft  of 
brake.  Accoaplished  by  engine  work  is  converted  into  the  heat,  which 


heats  water 
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Pig.  118.  Characteristic  of  controllable^ pitch  propeller.  1 - with 
heavy  screw/ pro  pel  let,  2 - with  the  lightened  screw/propeller. 


Fig.  319.  Schematic  of  setting  of  T¥D  on  rigid  Machine  tool  with 
hydraalic  brake  as  absorber  of  power  of  engine.  1 - brake,  2 - the 
coupling,  3 - engine,  4 - anchine  tool. 


Pig.  320.  Schenatic  diagran  of  hydraalic  brake.  1 - shaft,  2 - brake 
disc,  3 - water  supply,  4 - valve/gate,  5 - the  housing  of  stator,  6 
- drain,  7 - worn  gear,  8 - rotary  branch  connections. 
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Page  154. 

To  jacket  it  is  transferred  through  water  torque/aoaent,  equal 
to  braking  aoaent,  but  oppositely  directed.  This  torque/aoaent  will 
turn  jacket  in  the  direction  of  rotation  of  rotor.  The  value  of 
torque/aoaent  is  aeasured  with  the  aid  of  dynaaoaeters.  So  by 
hydraulic  brake  is  aeasured  the  torsional  aoaent. 

Turboprop  engines  on  hydraulic- brake  stand  can  be 
experience/tested  with  reducer  or  without  reducer.  Hith  reducer  are 
carried  out  the  tests  of  the  subainiature  aotocs,  working  in 
operation  with  one  propeller. 

To  the  hydraulic  brakes,  used  during  tests  of  TVD,  are  presented 
the  following  requireaents: 

1)  reliable  work  in  operation  during  is  not  less  than  2000 
hoursi 

2)  an  error  ia  the  aeasureaent  of  the  torsional  aoaent  aust  be 
not  aore  than  ^0. 5o/o  aaxiaua  aeasured  torque/acaent; 
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3)  the  possibility  of  load  change  over  wide  liaits  with  constant 

rpa; 


%)  simplicity  in  operation  and  ease  of  control. 

With  high  rated  speed  of  hydraulic  brake  for  the  tests  of 
powerful  T YD,  they  are  obtained  by  sufficiently  coapact  and 
light/ lungs. 

The  requireaents  enumerated  above  satisfies  soviet  hydraulic 
brake  GT-Ye  (Fig.  121).  The  hydraulic  part  of  the  housing  consists  of 
the  chamber  of  filling  A , of  the  chamber  of  braking  B and  of  plenum 
chamber  C.  The  chamber  of  filling  is  the  cavity  from  which  the  water 
enters  the  chamber  of  braking;  its  designation/purpose  - to  align  the 
pressure  of  liquid,  which  is  very  important  from  the  viewpoint  of  the 
operational  stability  of  brake.  In  the  chamber  of  braking,  mechanical 
eqergy  is  converted  into  thermal.  The  chamber  cf  braking  in 
circumference  is  closed  by  the  ring  of  10  average  disks  9.  Between 
the  ri  Eg  and  body  disks  7,  are  formed  the  slots  for  the  yield  of 
water  from  the  chamber  of  braking  into  damping  chamber.  At  stator  on 
the  surfaces,  turned  to  the  side  of  the  disk  of  brake,  have  radial 
fin/edges  for  an  increase  in  the  drag  coefficient  of  the  chamber 
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walls  of  braking. 

Duriag  operation  in  the  chawber  of  braking,  are 
store/accunulated  the  air  and  the  water  vapors,  calling  buffeting  and 
the  instability  of  work  of  hydraulic  brake.  For  the  elinination  of 
this  defect,  the  chanber  of  braking  is  prompted  with  the  atwosphere. 
Hater  into  brake  enters  through  flexible  hose  fron  the  chawber  of  the 
fixed  level  through  controlled  by  electric  notcr  valve  8.  In  other 
words,  with  the  aid  of  valve  is  regulated  value  that  which  is 
absorbed  by  the  brake  of  power. 

On  stator  is  establish/installed  water  puap  11,  which  feeds  the 
ejector  of  hydraulic  brake.  Since  puap  11  is  given  froa  the  shaft  of 
brake  and  is  establish/installed  on  the  housing  of  stator,  the 
accuracy  of  the  neasureaent  of  power  it  does  not  affect.  Ejector 
provides  the  stable  operation  of  hydraulic  brake  on  all 
node /conditions. 

For  the  prevention  of  fouling,  the  temperature  of  the  water, 
cowing  out  froa  hydraulic  brake,  aust  not  exceed  70-80°C. 


DOC  * 772  33212  PAGE  -22 

Fig.  321.  Hydraulic  brake  GT— Ye.  1 - Acceleration  clutch,  2 - 
support,  3 - drainage  nozzle,  4 - disk,  5 - bearings,  6 - bearing 
flanges,  7 - body  disks,  8 - valve,  9 - average  disk,  10  - daaping 
ring,  11  - water  puap.  A)  the  chaeber  of  filling,  B)  the  chauber  of 
braking,  C)  plenun  chauber. 

Page  156. 

The  accuracy  of  eeasureaent  of  the  torsional  noaent  depends  on 
the  value  of  bearing  fricticn  and  the  rigidity  of  the 
conduit/aanifolds,  which  supply  water.  The  lesser  the  rotation  of 
stator,  the  higher  the  accuracy  of  aeasureaent.  Conduit/aanifolds 
(hoses)  aust  be  soft. 

The  torsional  aoaent,  which  effects  pn  stator,  is  transferred  to 
aeasuring  device.  To  the  housing  of  hydraulic  brake,  they  fasten  on 
lever  (Fig.  122).  The  lever  of  calibration  5 serves  for  the 
perception  of  effort/forces  froa  the  weight  of  the  loads,  placed  on 
calibration  instruaent  4.  Working  lever  2 transfers  the 
effort /forces,  which  appear  froa  reactionary  torgue,  to  dynaaoaeter 
1. 

the  size/diaensions  of  the  disk  of  hydraulic  brake  are  selected 


. 
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on  the  basis  of  calculation.  Exaaining  the  friction  fron  two  sides 
infinitesi nal  circular  cell/elenent  of  the  disk  of  brake  against 
water  and  after  integrating  differential  equation,  we  will  obtain 
fornula  for  deteraining  the  friction  horsepower  of  the  disk 


where  # is  the  coefficient,  which  characterizes  the  frictions  of 
disks  in  liquid  to  nagnitude  of  losses; 

r„  and  rm  ~ outside  and  inside  radii  of  the  disk  of  brake  in 

■; 


o - the  nuaber  of  revolutions  of  the  rotor  of  brake  per  second; 


G-constant  nuaber. 


The  calculation  of  hydraulic  brake  GT-Ye  was  produced  by  the 
seaieapirical  fornula 


r l 2a  V-*/  v yu«i»»3’,('l,a-'|a) 
C*U  + J l 2 / 1380 


(127) 


where  C,  1*  the  constant  coefficient,  characterizing  the  resistance 
of  disk  (for  a brake  GT-te  Ct  « 0.209)  ; 


H - the  constant  coefficient,  characterizing  the  effect  of  the 
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fin/edges  of  the  vails  of  body  disks  on  the  aaount  of  the  absorbable 
power  (for  a hydraulic  brake  GT- Ie  it  is  accepted  a = 5)  ; 
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Pig.  122.  Scheaatic  of  calibration  instruaent  and  aeasureaents  of 
torsional  loaent.  1 - dynaaoaeter,  2 - working  lever,  3 - rollers,  4 
- calibration  instruaent,  5 - the  lever  of  calibration. 


I 


Page  157. 

Talues  v and  p are  deterained  according  to  aaan  temperature  of 
Hater  at  entrance  and  exit  of  brake,  usually  tCf  * 40-45°c.  Using 
foraula  (127),  it  is  possible  to  construct  the  characteristic  of 
hydraulic  brake  with  its  coaplete  filling,  i.e.,  the  dependence  of 
aaxiaaa  power  on  nuaber  of  revolutions. 

According  to  the  calculated  poser  deteraine  the  consunption  of 

the  water  through  the  kydraalic  brake: 

Q=mN!..t  (128) 


I 


i 


■ 
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■here  At  - the  teaperature  differential  of  water  at  entrance  and  exit 
of  brake,  usually  At  * 35-45°c. 

Proa  Q is  designed  the  cross  section  of  conduit/aanif olds  on  the 
entry  into  hydraulic  brake.  The  velocity  of  water  in  conduit/aanif old 
is  recoaaended  to  accept  within  liaits  2-3  a/s.  Value  Q is  utilized 
also  for  the  calculation  of  the  flow  areas  of  throttle/choke,  water 
puap  of  ejector  and  drainage  nozzles.  Naxinun  pressure  in  kg/n** 
developed  in  the  chaaber  of  braking*  they  calculate  according  to  the 
expression 


On  the  developed  pressure  can  be  found  the  effort/force,  which 
is  necessary  to  the  chaaber  wall  of  braking. 


Pig.  123,  depicts  the  characteristic  of  hydraulic  brake.  If  the 
characteristic  of  the  tested  engine  is  entered  into  the  area*  United 
by  lines  OABCDO*  which  neans*  that  this  brake  can  absorb  its  power 
and  aeasure  torque.  The  initial  section  of  characteristic  OA 
corresponds  to  work  of  brake  with  naxinua  filling  with  water  and  is 
curved*  close  to  cubic  parabola. 
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Id  poiat  A,  the  torque/aoaent  reaches  aaxiaua  value.  A further 
iqcrease  in  the  nuiber  of  revolutions  of  Drake  is  adaissible  during  a 
decrease  in  the  thickness  of  the  layer  of  water  in  brake  so  that  on 
section  AB  the  torsional  aoaent  it  would  reaain  constant  and  equal  to 

aaxiaua  value. 
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Pig.  123.  Characteristic  of  hydraulic  brake. 


Page  158. 

Xn  point  B*  the  power*  absorbed  by  brake*  reaches  eazieue  value. 
Its  further  increase  is  led  at  the  beginning  of  boiling  the  water* 
which  fills  brake.  At  point  C*  is  reached  the  aaxiaua  angular 
velocity  of  the  rotor  of  brake. 

Line  OD  of  characteristic  shows  the  nininun  power*  absorbed  by 
brake  without  water  because  of  bearing  friction  of  rotor  and  friction 
of  disk  against  air. 

Vhe  calibration  of  hydraulic  brake  with  torque  aeter  is 
realize/accoaplished  with  the  aid  of  the  calibration  instruaent* 
which  consists  of  levers*  thrust/rods  and  loads;  the  scheaatic  of 
device  is  given  in  Pig.  122.  The  aethod  of  the  calibration  of 


J7& 
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hydraulic  brake  is  similar  to  the  method  of  the  calibration  of 
machine  tool  for  the  measurement  of  thrust/rod.  Requirements  for  the 
accuracy/precision  of  the  calibration  of  hydraulic  brake  the  same  as 
during  the  measurement  of  reactive  thrust/rod. 

The  calibration  of  hydraulic  brake  is  carried  out  in  the 
periods,  stipulated  under  technical  specif icat icns  for  testing  of 
this  engine,  and  after  all  sorting/partitions  or  the  preventive 
inspections. 

A shortcoming  in  hydraulic  brakes  during  testing  of 
high-povereds  engine  with  ccazial  propellers,  is  the  need  for  taking 
reducer,  as  a result  of  uhich  the  power  of  engine  is  determined 
vithoet  taking  into  account  of  losses  in  this  assembly. 
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Pig-  124.  Hydraulic  systea  of  setting.  1 - the  tank  of  fixed  level,  2 
- bolt  with  electric  drive,  3 - valve/gates. 


\ 


i 


Key:  (1).  Hydraulic  brake.  (2).  in  calibrator.  (3).  To  radiators. 


Page  159.  *] 

The  application/use  of  a hydraulic  brake  as  absorber  of  the 
power  of  the  tested  engine  is  added  to  all  systeas  of  testing  unit 
one  additional  - the  water  systea,  scheaatic  diagraa  of  which  is 
shown  in  Pig.  124.  Hater  froa  water  pipe  enters  the  tank  of  fixed 
level  1,  whence  through  the  filter  and  controlled  bolt  2 * into 
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brake.  Discharge  water,  and  also  surplus  eater  froa  tank  1 heads  for 
the  saltpan  where  it  is  cooled,  after  which  returns  to  the  tank  of 
fixed  level.  Systen  not  coaplex,  but  during  testing  of  high-powereds 
engine  aust  possess  large  throughput  capacity. 

L 

(faring  engine  testing  with  air  or  hydraulic  brake  soaetiaes  as 
starter  is  applied  bob  electric  aotor  (Pig.  125).  Bob  electric  aotor 
allows  siaultaneously  with  the  acceleration  of  the  started  an  engine 
to  deteraine  the  value  that  which  is  absorbed  by  it  power  at 
starting/launching.  The  torgue/aonent,  applied  to  the  stator  of 
electric  aotor,  is  aeasured  just  as  of  hydraulic  brake,  with  the  aid 
of  levers  and  neasuring  device.  After  having  energed  of  engine  to 
working  revolutions,  bob  electric  aotor  is  disconnected. 

Pig.  126#  shows  rigid  aachine  tool  for  testing  TVD  with 
propellers  as  brakes  and  bob  electric  aotor  6,  which  perforas  the 
role  of  starter.  On  figure  is  visible  dynaaoaeter  9,  employed  for  I 

determining  value  that  which  is  absorbed  by  the  engine  of  power  into 
the  torgue/aoaent  of  starting/launching  and  the  calibration 
iqstrnaent  of  7 bob  electric  aotor. 


J77 
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Fig.  125.  Bob  electric  notor.  1 - anchor,  2,  8 - the  bearings  of 
stator,  3,  7 - strut,  4,  6 - spin  bearings,  5 - stator. 

Page  160. 

Engine  tests  on  bob  nachine  tools. 

the  power  of  turboprop  engine  can  be  deter  wined  on  bob  nachine 
tool.  The  brakes,  which  absorb  the  power  of  engine,  serves  propeller. 

Pig.  127,  shows  the  schenatic  diagran  of  bob  nachine  tool. 


Rachine  tool  consists  of  fixed  nounting  3 and  recking  around 


3^ 
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axle/axis  0 of  fraae  4.  Tested  engine  7 is  estatlish/insta lied  in 
fraae»  In  the  engine  operation  screw/propeller  6,  being  rotated 
counterclockwise,  is  created  on  the  axis  pf  fluctuation  of  fraae 
reactionary  torque  in  the  direction  of  arrow/pointer.  Reactionary 
torque,  equal  in  aagnitude  to  shaft  torque  of  screw/propel ler  8, 
turns  to  certain  angle  franc  and  lever  5,  which  aoves  thrust/rod  2, 
connected  with  torque  neter.  The  calibration  of  aachine  tool  with  the 
aid  of  device  1 is  carried  out  analogously  with  the  calibration  of 
aachine  tools  for  the  aeasureaent  of  thrust/rod. 
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Pig.  126.  Rigid  aachine  tool  for  testing  TPD.  1 - reducer,  2 - 
coupling  shaft,  3 - engine,  4 - daaper,  5 - aachine  tool,  6 - bob 
electric  aotor,  7 - device  for  the  calibration  cf  bob  electric  not  or 
8 - aanoae ter,  9 - dynaaoaeter,  10  - electric  aotor,  11  - puap,  12  - 
filter,  13  - fuel  tank,  14  - electric  heater. 

Page  .161. 

lecessary  requireaent  for  bob  aachine  tools  - the 
arrangeaent/perautation  of  the  center  of  gravity  of  the  rocking 
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systea  below  center  of  fluctuation.  The  axle/axis  of  engine  usually 
coincides  with  the  axle/axis  of  the  rocking  systen  or  arrange/located 
soaewkat  above. 

■o  the  accuracy  of  neasurenent  of  the  torsional  aoaent  AfliP  has 
effect  the  torsion  propellers  of  the  flew,  which  flows  around  engine. 
The  twisted  air  jet  decreases  the  real  torsional  nonent  to  2-3o/o. 

It  is  known  that  the  axial  yield  of  gases  froa  turbine  is 
observed  only  in  the  engine  operation  cn  design  conditions.  The 
analysis  of  experiaental  naterial  shows  that  the  torsion  of  the 
coning  out  fron  turbine  gas  jet  can  introduce  the  error,  which 
reaches  to  lOo/o  of  the  aeasured  value  AW 

for  the  purpose  of  the  elinination  of  the  effect  of  the  blowout 
of  engine  those  who  were  twisted  with  propellers  with  flow  one  should 
eqgine  cover  during  tests  by  the  guick-detachable  cowling,  nade  froa 
sheet  steel  and  fixed  to  fixed  aounting,  or  to  place  between  it  and 
with  propeller  diffusor  grid. 

tor  the  elinination  of  effect  on  the  neasurenent  MKp  of  the 
torsion  of  gas  flow  behind  turbine  one  should  estnblinh/ia stall  in 
output/yield  fron  the  jet  noxxle  of  engine  attached  in  cradle 
diffneor  grid. 
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ihen  conducting  of  the  indicated  measures,  it  is  possible  to 
neasure  the  torsional  nonent  of  TV D with  the  error,  which  does  not 
exceed  ♦2o/o- 

As  can  be  seen  fron  that  which  was  presented,  the  accuracy  of 
eeasureaent  of  the  torsional  nonent  during  engine  testing  on  bob 
nachioe  tools  does  not  correspond  to  the  reguirenents  for  technical 
specif icat ions. 

£he  greatest  accuracy  of  neasurenent  of  the  torsional  nonent 
provide  hydraulic  brakes.  Pronising  is  engine  testing  on  rigid  stands 
with  air  brakes  and  PCM  for  deternining  value  AW 


fig.  127.  Scheaatic  diagraa  of  bob  aachine  tool*  1 - calibration 
instruaent.  2 - rodding,  3 - fixed  aounting,  4 - fraae,  5 - lever,  6 
- regelating  load,  7 - engine,  8 - propeller. 


1 

I 
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7^  (tachine  tools  for  the  aeasureaent  of  equivalent  horsepower  T¥D. 

Efficiency  of  T¥D  is  estiaated  at  the  equivalent  horsepower, 
which  is  the  sub  of  effective  shaft  horsepower  and  the  power,  created 
by  reactive  thrust/rod.  Under  conditions  of  bench  tests  of  engine 

this  power  can  he  detereieed  by  the  espeessios 

W,- AT, + 0, 91  /?..  (130) 

I 

I 


. i nfmeS 
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where  0.91  is  a conversion  factor  of  the  thrust/rod  of  power; 

N,  - the  effective  power: 

R<-  - a jet/reactive  thrust/rod  cf  nozzle. 

thus,  for  determining  N,  necessary  to  produce  simultaneously  it 
died  the  torsional  moment  AJ«P  and  the  jet/reactive  thrust/rod  of 
nozsle  Rc. 

Stand  for  determining  equivalent  horsepower  consists  of  the 
cell/eleme  nts,  which  make  it  possible  t«  produce  the  simultaneous 
separate  measurement  of  the  torsional  moment  and  thrust/rod. 

Equivalent  horsepower  can  be  defined  during  the  engine 
installation  both  on  rigid  and  on  flexible  machine  tools.  In  this 
case,  reactive  thrust/rod  on  rigid  machine  tool  it  is  expedient  to 
determine  by  gas-dynamic  method,  but  the  torsional  moment  * one  of 
the  methods  examined  above. 


Limited  application  for  determining  the  equivalent  horsepower 
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find  the  aachine  tools  in  which  ip  transfer  table  are  installed  an 
engine  and  the  hydraulic  brake*  which  absorbs  its  power.  The 
scheaatic  of  this  aachine  tool  is  represented  in  Pig.  128.  To 
aounting  5 froa  tapes  4*  is  suspend/hung  platfora  3.  On  platfora  is 
establish/installed  engine  2 whose  power  is  absorbed  by  hydraulic 
brake  1.  The  thrust/rod*  created  by  the  cosing  out  froa  jet  nozzle 
gas  flow*  is  aeasured  by  dynaaoaeter  6.  The  indicated  aethod  provides 
the  high  degree  of  accuracy  of  the  definition  both  the  thrust/rod  of 
jet  nozzle  and  the  torsional  nonent  of  engine.  The  setting  in 
guestion  is  bulky*  coaplex  and  not  always  rational. 

The  calibration  of  dynaaoaeters  for  the  neasurenent  of 
thrust/rod  and  torsional  aoaent  on  the  exaained  aachine  tools  is 
produced  separately*  but  with  the  established/installed  engine, 
eguipped  according  to  technology. 
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Pig.  128.  Eachine  tool  for  determining  equivalent  horsepower.  1 - 
hydraulic  brake,  2 - engine.  3 - transfer  table,  4 - elastic  tapes,  5 
- wo  uo  ting,  6 - dynaaoaeter. 
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Fig.  129.  Diagram  of  fuel  systea  of  experimental  station.  1 - filter 
2,  3 - air  operated  valves,  4 - flexible  hoses,  5 - valve/ gates,  6 - 
check  valve,  7 - three- vay  cock,  8 - aeasuring  tank,  9 - pumping 
unit,  10  - the  filter  of  purification/cleaning  priaing  fuel,  11,  14 
automatic  pressure  regulator,  12  - the  coarse  filter  of 
fuel/propellant,  13  - the  counter  of  the  fuel  consumption,  15  - the 
tap/crane  of  the  coapressed  air,  16  - fuel  aetex,  17  - fire  safety 
device /fuse. 
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Keys  ,|1)«  Bullets  of  control.  (2).  Panel  for  instruaents.  (3).  Froa 
air  line.  (4).  Air.  (5).  Oil  for  storage  froa  lubrication  systea. 
(6).  Oil  for  conservation.  (7).  Pouring  fuel/propellant  froa  pipes. 
(8).  Drain.  ( 9)  kj/*ni 1 . C/°)  • 
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So.  Systems  of  testing  unit. 


for  providing  the  possibility  of  the  test  work  of  engines  and 
taking  the  stipulated  under  technical  specifications  characteristics, 
the  testing  units  equip  uith  fuel  and  oil  systeas,  the  systeas  of 
load,  starting/launching,  etc.  Let  us  exaaine  sene  of  the  indicated 
systeas. 


Fuel  eystea. 


The  fuel  system  of  installations  on  testing  THD  nust  ensure: 

1)  the  uninterrupted  feed/supply  of  engine  by  the  necessary 
gaantity  of  fael/propellant  in  all  range  of  the  nodes  of  its 
operation; 
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2)  the  possibility  of  the  rapid  aeasureaent  of  the  fuel 
consuaptions  in  all  engine  power  ratings  with  the  error,  which  does 
not  exceed  ♦().  5o/o; 

9)  careful  air-departaent/separat ion  and  the  filtration  of  the 
supplied  to  engine  fuel/propellant; 

4)  supply  to  engine  soaetiaes  of  two  different  types  of 
f uel/propellaqt  (starting/launching  and  basic); 

5)  convenience  by  operation  and  airtightness. 

fuel/propellant  is  fed  to  the  engine  through  the  service  tank, 
arrange/located  at  testing  unit,  or  it  is  direct  froa  fuel  reservoir. 
Conteaporary  VRD  expend/consume  considerable  quantities  of 
fuel/propellant.  Therefore  alaost  everywhere  in  experiaental  stations 
is  applied  the  systea  of  direct  fuel  feed  to  engine  froa  central  fuel 
reservoir.  Fuel/propellant  is  fed  along  tubes  with  the  cross  section, 
sufficient  for  continuous  feed/supply  of  several  engines  on,  and  the 
pressure  of  fuel/propellant  in  systea  is  supported  equal  to  1-1.5 
ata(gage). 
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The  scheaatic  diagraa  of  the  fuel  systea  of  unit  with  direct 
supply  is  given  on  Pig.  129.  (lain  fuel  froa  central  fuel  reservoir  is 
fed  to  the  coarse  filter  of  fuel/propellant  12.  Then  through  the 
total  counter  of  the  consuaption  of  f uel/prcpellant  13  for  autoaatic 
controller  of  pressure  14,  which  supports  the  necessary  pressure  in 
grid/eet  work.  proa  regulator  the  fuel/propellant  heads  for  the  engine 
through  flow  aeter  16  of  the  voluaetric  or  weight  type.  Through 
filter  1 and  air  operated  valve  2,  fuel/propellant  enters  engine.  Air 
operated  valve  is  intended  for  the  cutcff  of  fuel/propellant  in  the 
case  of  the  origination  of  fire  hazard.  Between  flow  meter  16  and 
filter  1,  it  is  expedient  to  place  the  rotaaeter,  which  lakes  it 
possible  to  continuously  check  rate  of  discharge  and  to  follow  the 
stability  of  engine  power  ratings. 


Prising  fuel  heads  toward  the  engine  through  filter  10,  the 
autoaatic  pressure  regulator  11  and  fire  aagnet  cranes  of  remote 
contrpl  3. 

Page  4 65. 


For  the  aeasureaent  of  the  consuaption  of  prising  fuel,  serves 
aeasuring  tank  8.  In  fuel  systea  aust  be  the  drain  line,  through 
which  surplus  fuel/propellant  enters  conversely  in  fuel  reservoir. 
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The  taken  centralized  supply  of  installations  with 
fuel/propellant  provides  uninterrupted  feed/supply  of  engines  and 
fire  safety.  Fuel  reservoir  usually  consists  of  the  service  tanks* 
the  paaping  plant*  which  feeds  fuel/propellant  to  units*  and  the 
drainage  station*  which  punps  over  fuel/propellant  froa  the  railroad 
tank  aars  in  the  capacity  of  fuel  reservoir.  To  units  the 
f ael/propellant  is  fed  on  three  nain  lines:  on  two  - aain  fuel 
(different  types)  and  on  one  - starting/launching.  In  each  aain  line 
there  is  a separate  puap*  which  creates  the  necessary  overpressure. 
Presswre  constancy  in  systea  is  supported  by  the  reduction  valves* 
which  pass  the  excesses  of  fuel/propellanrt  back  into  cisterns. 

Fig.  130*  gives  the  exeaplary/approxiaate  schenatic  of  the 
arrangeaent  of  cisterns  and  eguipaent  of  central  fuel  reservoir  with 
puap  feed  of  fuels  propellant  to  units. 

Che  fuel/propellant*  which  enters  the  engine*  passes  careful 
purification/cleaning.  Usually  in  fuel  systea  is  provided  for  the 
setting  of  two  filters:  rough  cleaning  and  fine  purification.  The 
filters*  connected  in  systea*  aust  have  the  low  coefficients  of 
hydraulic  resistance  and  retard  the  particles  with  a size/dinension 
cf  aore  than  5 >i. 


+AJ. 
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Fig.  130.  Schematic  of  central  fuel  reservoir.  1 - drainage 
point/itea,  2 - filters,  3 - transfer  puaps,  4 - 

capacitance/capacity,  5 - the  forcing  puaps,  6 - reduction  valves,  7 
- aanoaeters,  8 - flow  aeters,  9 - tap/cranes. 

Key:  (1).  To  units.  (2).  aain  fuel.  (3).  (another  type).  (4).  priaing 
fuel. 


Page  166. 

As  material  for  a filter,  are  applied  silk  (kapron)  fabric  or 
the  special  rubberized  paper.  Construction  of  one  of  the  filters  is 
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shown  to  Pig.  131. 

The  selection  of  the  area  of  filter  surface  area  depends  in 
essence  os  rate  of  discharge  of  f uel/prcpellant,  permissible 
resistance  of  filter  and  on  the  predicted  freguency  of 
sort log/ part it ion. 

Tap/cranes  systematically  are  checked  against  airtightness  under 
pressure,  large  of  worker. 

The  cross  section  of  nain-line  fuel  pipe  is  selected  so  that  the 
speed  of  the  notion  of  fuel/propellant  would  be  1-2  n/s.  For  decrease 
in  the  possible  losses  of  pressure,  the  bending  radii  usually  are 
aade  sore  than  three  dianeters  of  cond uit/aanif old. 

All  the  coapounds  of  nain  line  nust  be  easily  open-door  and 
rapid  replaceaent.  In  order  to  eliainat*  the  effect  of  fuel  pipes  on 
the  aeasurenent  of  thrust/rcd  cr  torsional  aoaent  of  engine  (during 
engine  testing  on  the  flexible  aachine  tools),  the  fuel  nain  directly 
of  test  bench  they  connect  up  engine  with  the  aid  of  flexible  hose. 
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Fig.  131.  Fuel  filter.  1 - the  drain  cock*  2 - silk,  3 - the 
franesork/body  of  the  filtering  cell/elenent,  4 - the  branch  of  fuel 
input,  5 - upper  lid,  6 - the  branch  of  the  branch/reaoval  of 
fuel/propellant,  7 - housing. 

Page  167. 

Fuel  systea  is  checked  against  airtightness  under  pressure, 
large  of  service  pressure  it  is  not  less  than  tuo  tines  and  not 
thinner  than  one  tines  in  aonth. 
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Oil  systea. 

Conteaporary  turbojet  engines  have  the  not  dependent  fron 
aircraft  (autonoaous)  oil  systea  whose  loose  parts 

(capacitance /capacity,  radiators,  etc.)  are  structurally  carried  out 
in  concert  with  engine.  Therefore  for  production  type  tests  of 
engine,  the  systea  of  external  oil  circulation  at  unit  is  not 
necessary.  Usually  at  stands  of  TBD,  equip  only  oil  systea,  intended 
for  the  conservation  of  engine. 


For  cooling  of  the  rubbing  parts  of  reducer  of  TVD,  is  required 
the  cpnsiderably  larger  circulation  of  oil,  than  in  TRD  and  therefore 
at  stands  of  TVD  is  necessary  the  external  oil  systea,  which 
satisfies  following  reguireaents. 


J)  systea  aust  ensure  supply  into  the  engine  of  the  necessary 
quantity  of  oil,  and  also  conducting  of  the  aeasureaents  of 
circulation  and  consuaption  of  oil; 


! 

: 


\ 

J 


teaperature  into  engine  - be  supported  within  certain  liaits 
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3)  oil,  coaing  oat  froa  engine,  aust  be  filtered; 

4)  before  engine  starting  under  conditions  of  the  low 
teaperatures  of  surrounding  air  aust  be  provided  the  possibility  of 
the  preheating  of  oil. 

Pig.  132,  gives  the  scheaatic  diagraa  of  the  oil  systen  of  stand 
of  TVD.  Oil  froa  special  location  is  fed  to  tank  4, 

establish/installed  on  weighing  device  5,  through  the  indicators  of 
the  duct  of  oil  7.  Location  for  oil  tanks  usually  is  designed  for 
supply  to  the  testing  units  of  two  types  of  oils  and  procedure  froa 
these  installations  of  waste  oil.  Tank  4 is  equipped  with  electric 
heater.  Froa  tank  oil  through  the  filter  is  fed  to  engine,  on 
output/yield  froa  engine,  oil  passes  filter  10  (froa  brass  grid)  and 
heads  back  for  the  tank  through  total  flow  aeter  2,  which  aakes  it 
possible  to  deteraine  the  circulation  of  oil.  In  systea  there  is 
water-oil  of  radiator  1,  with  the  aid  of  which  it  is  possible  to 
deteraine  heat  eaissioa  into  oil. 

two  i n parallel  connected  filters  at  output/yield  froa  engine 
they  allow,  without  stopping  tests,  to  disconnect  one  of  then  and  to 
conduct  inspection.  Puaping  unit  3 aakes  it  possible  to  wars 
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thoroughly  oil  in  an  entire  systea.  Por  this,  the  systea  Bust  be 
preliainarily  rung  with  the  aid  of  tap/cranes  12. 

Page  168. 

During  engine,  testing  are  distinguished  the  consunption  and  the 
circulation  of  oil.  By  consunption  is  understood  a quantity  of  oil, 
spent  by  engine  per  hour  of  work.  The  circulation  of  oil  he  is  called 
a quantity  of  oil,  punped  through  through  the  engine  in  a ninute. 

Consunption  is  deterained  by  a change  of  weight  or  volune  of  oil 
in  the  tank  of  unit  for  the  deterained  tine  interval.  lith  the 
aeasurenent  of  consuaption  voluaetrically  it  is  necessary  to  aaintain 
the  identical  teaperature  of  oil  in  the  beginning  and  end  of  the 
aeasuxeaent. 

The  aeasurenent  of  circulation  is  produced  during  ainute  at  (Ji 

steady  teaperature  of  oil.  k quantity  of  punped  oil  is  deterained 
froa  the  for aula 

Gm  = V^m  = VH  [Tm  »•  c - 0,007  - 20)|,  (131) 

where  vu  ia  a voluae  of  punped  oil; 

7-jo-  • - the  specific  gravity/veight  of  cil  at  20°C;  I 

— the  temperature  of  oil  at  output/yield  from  article. 


4** 
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Pig.  132-  Schematic  diagraa  of  oil  systea.  Conditional  designations: 

- oil  feed,  - oil  drain,  - flexible  hose-  1 - Mater-oil  radiator,  2 - 
total  flow  aeter,  3 - puaping  unit,  4 - weight  oil  tank,  5 - weights, 
6 - drip  pan,  7 - the  indicator  of  the  duct  of  oil,  8,  12  - three-way 
cock,  9 - reverse  valve,  10  - filter,  11  - tap/crane. 

Key:  i(1).  To  engine.  (2)-  Proa  to  engine. 


Page  169. 

In  the  value  of  circulation,  it  is  possible  to  find  heat 
eaissioe  la  oil  froa  the  ex press ioa: 


032) 
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where 
of  oil. 


is  temperature  of  oil  at  entry; 

cm  = 0.43  + 0,011  ^ ±-'g- ■»  -15 


)• 


cm  - the  heat  capacity 

(133) 


The  used  in  oil  system  radiators  are  tubular  type  common 
mater-oil  radiators.  Oil  occur /flom/lasts  within  the  washed  by  water 
of  tubes  or,  on  the  contrary,  between  tubes,  along  which  flows  the 
maters  Oil  pressure  in  radiator  must  be  somewhat  higher  than  the 
pressure  of  water. 


The  diameters  of  the  conduit/manifolds  of  oil  system  one  should 
select  from  the  condition  so  that  the  speed  of  oil  circulation  would 
not  emceed  1 m/s. 


All  engines,  passed  nonitoring  tests,  subject  to  internal  and 

r 

external  conservation.  Internal  conservation  engine  passes  at  l 

station,  external  - during  expedition.  Internal  conservation  consists 

of  two  stages.  After  completion  of  nonitoring  test  before  the  engine 

shutdown  into  its  fuel  system  instead  of  .the  fuel/propellant,  feed 

oil  (see  Pig.  130).  The  conservation  of  the  remaining  assemblies  of 

engine  is  carried  out  on  special  trucks  in  exchange  hall,  where 

engine  heads  after  tests.  9 
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9w  Calculation  of  a required  quantity  of  machine  tools. 


The  nunber  of  aachine  tools  n at  station  can  be  deter aiaed  by 
the  formula 


n = 


v T 


(134) 


where  ^ T is  a total  gas  labor  consumption  of  tests  in  nac hine-hours; 


<j>  the  real  fund  of  the  operating  tine  of  one  aachine 
tool  in  hours. 


The  total  gas  labor  consumption  of  tests  depends  on  the  prograa 
of  the  issue  of  engines  N,  of  a quantity  of  hours  of  tests  and  tiae, 
necessary  for  the  auxiliary  activities  when  engine  is  located  on 
aachiae  tool.  This  tiae  during  any  tests  is  composed  of  following 
elements:  the  tine  of  installation  on  aachine  tcol  and  its  equipment, 
warning  up  and  the  breakings  in  of  engine,  testing  and  tining  of 
engine,  of  visual  inspection,  routine  maintenance  work  (for  engines 
which  are  found  on  prolonged  or  special  tests)  and  of  taking  engine 
froa  aachine  tool. 

I 
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Let  us  designate  the  total  tiae  of  the  determination  of  engine 
cn  aachine  tool  during  installation  works  and  the  tests:  delivery  - 
A,  control  - B,  special  - C,  prolonged  - D and  repeated  - B.  Values 
Av  B«  C,  D,  and  B are  deter ained  by  test  program.  A quantity  of 
engines,  which  pass  special  tests,  is  taken  as  equal  to  Kt  - to  0.025 
1.  A quantity  of  engines,  which  pass  endurance  test  K2,  is  deternined 
by  technical  specifications  for  tests,  upon  consideration  of  the 
value  of  the  load  of  aachine  tool  during  endurance  tests,  it  is 
necessary  to  add  20o/o  to  routine  aaintenance  work.  A quantity  of 
engines,  which  pass  repeated  tests,  is  taken  as  equal  to  K3  = 0.1 
N.  The  tiae  of  repeated  testing  is  taken  equal  to  the  tiae  of  l1 

delivery  and  control,  i.e.,  E = A ♦ E.  Consequently,  total  annual 
labor  coasuaptioa  in  hoars  can  be  deteraiaed  by  the  foraula 
2 T- [ 1 , 1 (A  + B)  + 0.025C  + 1,2 K^D\  N.  (135) 

The  real  fund  at  the  operating  tiae  of  one  aachine  tool  per 
annua  is  less  than  calendar  (being  product  nuater  of  workdays  in  year 
by  the  possible  diurnal  load  of  aachine  tool)  due  to  tine  losses  for  f 

repair  of  eqaipaeat,  preventive  aaintenance  and  idle  tiae: 

* = (136) 

where  k - the  coefficient,  depending  on  the  degree  of  the  complexity 
of  aachine  tool,  the  characteristics  of  engine  and  degree  of  the 
deterioration  of  equipaent.  Usually  are  accepted  k * 0.85-0.95. 

I 

y 

In  the  year  of  359  workdays,  if  we  consider  that  the  station 


< 


DOC  = 77233213 


4c4 

P1GE  4# 


works  24-hour  with  the  extent  of  replaccaent  6 hours,  then  * of 

3S9  workdays  x 4 shifts  x 6 hours  = £616  hours.  In  final  fora  the 
foraula  for  deteraining  the  nuaber  of  aachine  tools  can  be 


represented  ia  the  fora 


N [1 ,1  (A  + B)  + 0.025C  4- 1 ,2  K,D) 
n = — — . 


(137) 


If  n is  obtained  by  fraction,  it  is  necessary  to  round  off  it  to 
a whole  to  the  side  increase.  For  producing  necessary  reserve  of  the 
power  of  station,  one  should  equip  station  with  the  nuaber  of  aachine 
tools  n*  * n ♦ 1- 


10.  Nethods  of  noise  abateaent  at  experiaental  stations. 


It  experiaental  stations  appears  the  noise  during  suction,  and 
especially  during  the  outflow  of  gas  behind  jet  nozzle.  During 
testing  TVD,  additional  noise  is  created  by  propellers. 


Page  171. 

It  is  necessary  to  keep  in  aind  that  exhaust  noise  of  jet 
engines  is  high-frequency,  i.e.,  especially  haraful  for  health.  The 
questions  of  noise  abateaent  at  units  with  jet  engines  are  iaportant 
not  only  for  the  service  station  personnel  and  the  collective  of 
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plant,  but  also  for  the  population,  which  lives  in  area  of  the 
latter. 

Fig.  133  are  represented  these,  characterizing  change  noise 
iqtensities  at  a distance  9 ■ around  the  engines  of  different  types, 
approximately  equal  thrust  indices.  An  increase  in  the  distance  to  90 
■ decreases  noise  intensity  approximately  by  20  dB. 

Decibel  is  a unit  of  ncise  intensity*.  A quantity  decibel  is 
determined  by  the  expression 

L = \0\gJL  d6,  (138) 

where  1 is  the  force  of  the  volume  of  source;  /„  - the  force  of 

volume  on  threshold  of  audibility,  is  egual  to  10~*  erg/cm*s  * 10'1* 
Joules/ca*s. 

In  order  to  present  physically  the  value  of  the  noise  of  jet 
engines  and  to  clarify  the  value  of  the  prcblea  in  guestion,  we  will 
use,  by  Fig.  134,  which  shows  the  physiological  effect  of  the  noise 
of  different  intensity  on  man.  Under  noise  with  intensity  of  nore 
than  60  dB  begins  difficultly  to  talk,  level  120  dB  produces  the 
perception  of  pressure  in  eye/ear,  with  140  dB  the  sounds  give 
already  pain,  while  with  160  dB  occurs  the  mechanical  damage  of  the 
organ/controls  of  audition.  According  tq  safety  measures  it  cannot  be 
worked  prolonged  time  with  the  noise  whose  intensity  exceeds  85  dB. 
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For  a brief  tiae  are  peraissible  the  higher  values  of  sound 
intensity. 

During  noise  abatenent  at  experimental  stations,  it  is  necessary 
to  consider  that  the  considerable  speeds,  temperatures  and  the 
volunes  of  exhaust  gases  complicate  design,  the  selection  of 
aaterials,  calculation  and  the  construction  of  the  systeas  of  noise 
suppression. 

In  connection  with  this  during  desiga  and  calculation  of 
soundproofing  systeas  of  experimental  stations,  it  is  necessary  to 
consider  not  only  the  physico-aechanical  properties  of 
sound~absorbiags  material,  but  also  peraissible  drops  of  the  pressure 
of  gas  floa  and  the  available  cross  sections  of  the  suction  and 
exhaust  channels  of  unit. 


a 
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Fig.  J33.  Total  intensity  of  noise  depending  on  aziauth  for  engines 
of  different  types  (equal  thrust/rod)  at  a distance  9 a of  noise 
source. 

Key:  ,(1).  dB.  (2).  with  by  afterburner.  (3).  In  front.  (4).  it  is 
behind. 

Page  172. 

In  calculation  is  deter ained  the  quantity  of  secondary  air,  necessary 
for  a redaction/descent  in  the  tenperature  of  gases. 
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During  the  organization  of  noise  abatement,  it  is  necessary  to 
consider  the  possibility  of  its  propagation  in  two  ways:  by  air  and 
through  foundation  and  soil.  For  the  prevention  of  noise  propagation 
through  the  foundations  of  testing  units#  the  latter  are  insulated 
fros  soil.  Let  us  pause  at  the  nethods  of  noise  abatement#  which  are 
spread  by  air. 

The  sound,  which  arose  at  any  point  of  testing  unit,  begins  to 
be  spread  in  different  directions  and,  encountering  obstructions,  it 
is  reflected  or  partially  is  absorbed.  Beflected  one  tine,  sound  can 
be  reflected  fron  the  opposite  obstruction  again  and  so  before 
conplete  attenuation.  The  better  aaterial  of  obstruction  it  absorbs 
sounds  the  faster  the  sound  energy  attenuates,  and  vice  versa,  the 
well  reflecting  surfaces  with  their  deterained  nutual  arrangement  so 
strengthen  sound  that  it  is  continued  even  for  a while  after  the 
cessation  of  the  sounding  of  source  itself.  This  phenonenon,  called 
reverberation,  it  plays  a significant  role  in  the  guestions  of  noise 
abateaent.  In  the  presence  of  large  reverberation,  the  intensity  of 
auditory  sensation  strongly  increases. 

•he  value  of  reverberation  depends  on  the  degree  of  sound 
absorption  by  the  surface  of  walls  and  noise-abating  devices,  also, 
on  the  voluae  of  experisental  location.  Proa  all  that  has  been 
previously  stated#  it  follows  that  walls#  ceilings  aad  soundproofing 
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devices  of  testing  unite  nust  be  aade  froa  porous  naterials  with  the 
good  sound-absorbing  ability. 
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Fig.  134.  Physiological  effect  of  noise  on  organ/controls  of 
audition. 

Keys  (1).  Mechanical  daaages.  (2).  Threshold  perception.  (3). 
Threshold  of  tickle.  (4).  Line  of  the  equal  to  voluae  (100  dB) . (5). 
Intensity  of  noise  in  dB-  (6).  Region  of  speech^  (7).  Threshold  of 
audibility.  (8).  Pressure  in  dyn/cn*.  (9) » Frequency  in  Hz. 


Page  173. 


The  aaterial,  used  in  the  systeas  of  noise  suppression  and  for 
the  soundproof ing  of  the  cabin/coapartaests  of  the  control  of 

1 

experiaental  stations,  is  aust:  j 
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1)  to  retain  life  with  the  incidence/inpingenent  on  it  of 
fuel/propellaqt,  oil  or  water  and  not  to  lose  in  this  case  the 
sound-absorbing  properties; 

2)  not  to  undergo  erosion; 

<J)  to  be  flaaeproof  (for  the  silencing  of  exhaust)  ; 


h)  solidly  to  be  fastened  to  the  walls  of  box  (with  its  facing). 

flajority  of  these  requireaents  aost  coapletely  satisfy  fibrous 
aaterials  (aineral  filaaent,  glass  wool,  etc.)  and  the  porous  ceraaic 
and  slag  concrete  blocks  (solid,  also,  with  voids). 

Is  the  cheaper  aaterials,  which  successfully  stun  noise,  but 
which  do  not  satisfy  a series  of  the  stated  requireaents,  it  is 
possible  to  recoaaend  for  the  systeas  of  suction  - the  tree,  aachined 
by  antiseptics,  for  exhaust  systeas  - aetal  shaving  or  the  beaas  of 
aetallic  wire.  Fibrous  aaterials  are  applied  in  units  for  a 
reduction/ descent  in  the  noise  with  wide  frequency  band. 


the  noise-abating  channels  can  have  different  configuration 
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(Pig.  135)  . Ceraaic  porous  (solid  or  hollow)  blocks  are  applied  for 
the  creation  of  channels  of  the  type  of  honeyccabs  cell  (Pig.  136)  . 


i i 
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Fig.  135.  Schematic  of  exhaust  ducts  with  partition/baffles  from 
panels  with  fibrous  aatecials.  a)  channel  with  the  panels,  coated 
with  perforated/punched  steel  plate,  b)  channel  with  the  panels, 
side-by-side,  c)  channel  with  rotations,  d)  sinusoidal  arrangewent  of 
panels. 


Page  174. 

For  the  larger  effectiveness  of  silenciag  blocks  they  aisalign 
through  the  determined  intervals  by  the  half  of  the  cross  section  of 
voids  or  very  freguently  is  Bade  channel  sigzag.  Ceramics  less 
effectively  decreases  the  noise  of  average  and  high  frequencies  in 
comparison  with  fibrous  materials.  The  construction  qualities  of 
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■aterfals  for  a reduction/descent  in  the  noise  determine  according  to 
their  life  at  the  different  speeds  of  their  washing  gas  flows, 
causing  the  erosion  of  aaterial  and  exciting  vibrations. 

flany  fibrous  aaterials  easily  erode  and  are  destroyed  fro  a large 
vibrations.  In  connection  with  this  at  the  speeds  of  gas  flow  along 
surface  to  25  n/s  fibrous  aaterial  they  shield  ky  grid  or  steel 
perforated  sheets  (Pig*  137a).  At  the  speeds  of  flow  to  50  a/s 
between  a layer  of  fibrous  aaterial  and  the  perforated/puached 
external  laainated  coating#  is  placed  a layer  of  strong  fabric  or 
apply  a layer  of  fabric  with  shielding  wire  gauze  (Fig.  137b).  Fabric 
aust  not  be  very  dense#  so  that  the  high  acoustic  properties  of  the 
charging  aaterial  were  used  coapletely. 

In  the  speeds  of  gas  flow  50-140  a/s#  is  applied  additional 
shielding  facing#  inserting  between  the  fihcous  filler  and  the 
perforated/puached  external  facing  sore  light/lung  perforated  sheets, 
but  a 25-  ailliaetcic  interval/gap  between  plates  fills  with  the 
beans  of  elastic  twisted  steel  wire,  such  beaas  do  not  shrink  during 
operation  and  provide  the  high  passability/traf ficability  of  acoustic 
waves  (Fig.  137c). 


fig.  136.  Honeycoab  channel  froa  ceraaic  blocks  with  through  voids. 


Pig.  137.  Constructions  of  noise-abating  panels  for  different  speeds  f 

of  gas  flow,  a)  to  25  a/s,  b)  to  50  a/s,  c)  50-140  a/s.  1 - fairings, 

2 - the  steel  perforated/punched  facing,  3 - sound-absorbing 
aaterial,  4 - fabric  froa  glass  fiber,  5 - the  beans  of  netallic 
wire,  6 - the  perforated/punched  or  sieve  barrier,  7 - plug/silencer. 

O' 

Page  J75. 


the  exaained  in  Pig.  137  panels  can  be  carried  out  in  the  fora 
of  vertical  partit ion/baff les  or  cylindrical  constructions,  hung  in 
the  sfsteas  of  the  noise  suppression  of  experiaental  stations  on 
special  grid/cascades. 
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The  perforate d/punched  laainated  facing  of  panels  can  be 
destroyed  under  the  action  of  vibrations  due  to  fatigue  of  aetals, 
aqd  also  due  to  the  loss  by  sheet  aaterial  of  plastic  properties  (as 
a result  of  the  weakening  of  it  by  holes).-  In  order  to  decrease  the 
aaplitude  of  the  oscillations  of  the  perforated/punched  laainated 
facing,  it  aust  be  fastened  by  stiffening  ribs. 

fig.  138,  gives  decay  curves  of  sound  in  decibels  per  the  unit 
of  the  length  of  channel  (30  ca)  on  freguency  octaves  for  sone  panels 
exanined  above.  Proa  graphs  it  is  evident  that  the  aost  effective 
systea  of  the  saothering  of  noises  for  lov  (37-300  Hz)  and  average 
(300-1200  Hz)  frequencies  is  the  systea  with  sinusoidal  arrangeaent 
of  panels.  Systea  with  the  thickened  panels,  filled  by  fibrous 
aaterials  and  the  coated  perforated/punched  walls,  provides  good 
attenuation  of  noise  at  low  frequencies.  Systea  with  the  zigzag 
arranqeaeat  of  panels  in  channel  (curved  1)  provides  the  best  8 

attenuation  of  noise  with  high  frequencies  (1200-4600  Hz). 


V/7 
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Fig.  138.  Decay  curve  per  the  unit  of  the  length  of  channel  (30  ca) 
cq  frequency  octaves  for  different  channels.  1 - channel  with  panels 
for  high  speeds  of  flow  (see  Fig.  135c) r 2 - channel  with  sinusoidal 
panels  (Fig.  135d)  , 3 - laying  fron  hollow  blocks  (Fig.  136) , 4 - 
panel- part it ion  with  a thickness  of  100  nn  with  the  distance  between 
centers  430  an,  5 - panel-partition  with  a thickness  of  900  na  with 
the  distance  between  centers  1800  na  (Figi  135fc). 


Key:  ,(1).  Sound  attenuation  dB  per  the  unit  of  the  length  of  channel 
(30  ca).  (2).  Hz. 


Page  376. 

Ia  such  a way  as  to  ensure  the  aost  effective  dawping  of  sound  on 
entire  frequency  spectrua,  one  should  apply  the  coabined  systeas  of 
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damping  or  systea  of  damping,  which  consist  of  the  combined  panels 
(Pig.  139)  . In  these  panels  are  considered  shortcomings  in  the 
panels,  examined  above.  The  systea  of  damping,  assembled  fron  such 
cell/eleaents,  provides  danping  sound  vibrations  in  all  range  of 
audible  frequencies  and  because  of  high  effectiveness  nates  it 
possible  to  apply  the  stunring  cell/elenents  of  saallest 
size/diaensions. 

Noise-abating  element  is  a series  of  the  winding  channels  whose 
walls  are  made  fron  sound-absorbings  aaterial.  The  fora  of  channels, 
along  which  flows  the  air,  contributes  to  the  daaping  of  the  sound  of 
aediun  frequencies,  and  aaterial  of  walls  absorbs  the  high-f reguency 
components  of  noise.  For  abateaent  of  the  ncise  of  low  frequency, 
serve  special  cutouts  - resonators. 

Considerably  is  decreased  the  noise  of  exhaust  gases  during 
aixing  to  thea  of  cold  air  or  water.  It  is  wore  rational  and  to 
considerably  cheaper  aix  air.  An  even  larger  effect  brings  the  systea 
of  noise  suppression,  based  on  the  combination  of  the  principles  of 
the  expansion  of  gases  and  absorption  of  noise.  It  consists  in  the 
fact  that  the  tail  cone  will  eject  the  deterained  quantity  of  air, 
which  is  located  in  box.  Cooled  thus  the  flow  of  gases  enters 
diffuser  at  output/yield  fron  which  its  speed  it  is  decreased,  and 
pressere  slightly  grow/rises,  which  aakcs  it  possible  to  let  pass  it 


V/9 

DOC  * 77233213  PAGE  .36 

through  the  systen  of  the  slot  channels,  sheathed  by  the 
noise-abating  aaterials. 

Pig.  140,  gives  the  design  concept  of  the  double  sectional 
silencer,  aade  froa  steel  up  to  25  an  in  thickness. 
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Fig.  139.  Circuit  of  device  of  eleaent  of  noise-abating  systea.  1 - 
the  channels  of  the  winding  fora,  which  facilitate  the  sound 
absorption  of  aediua  frequency,  2 - the  aaterials,  which  absorb 
high-frequency  sound,  3 - resonators  for  the  daaping  of  low 
frequencies. 


Page  t77. 

The  protection  of  its  housing  froa  ataospheric  effects  is  provided 
aluaioua  coating  with  a thickness  of  0.1  an,  which  will  be  applied  by 
hot  pulverization.  To  aluainua  coating  will  be  applied  a layer  of 
aluaiaua  heat-resisting  paint.  The  unit  of  silencer  requires  no 
special  equipaent.  Foundation  is  asseabled  froa  siaple  concrete  or 
brick  blocks.  In  those  places  where  the  silencer  is  passed  through 
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the  wall  of  box,  is  provided  for  the  special  packing/seal  whose 
construction  wakes  it  possible  to  adjust  and  to  reaove  silencer 
without  the  failure  of  the  cell/elewents  of  building. 

The  optima  acoustic  effectiveness  of  silencer  under  the  varied 
conditions  of  testing  and  at  different  power  of  engine  can  be  reached 
by  aeans  of  the  regulation  of  the  special  throttle  device,  available 
in  silencer.  The  length  of  silencer  appcoxiaately  30  a,  weight  is 
about  73  t. 

Because  of  the  cascade  ejection  of  gases,  is  provided  the 
protection  froa  the  "reverse/inverse  jerk"  of  hct  gases  into  box  at 
the  tprque/aoaent  of  the  cessation  of  the  operation,  which  reaoves 
the  need  for  shutter/valves  or  the  valves  between  the  silencer  and 
the  box. 

One  of  the  basic  aeans  of  noise  abateaent  is  the  soundproofing 
cf  box.  Is  reached  this  by  the  facing  of  walls,  sex/floor  and  ceiling 
of  box  of  sound-aba teaent  panels,  siailar  described  above. 

For  dealing  with  noise  transaission  into  the  cabin/co apart went 
of  the  control  of  unit,  it  is  necessary  too  the  door  of  the 
report/coaaunication  of  cabin/coapartaent  with  box  to  aake  double  and 
to  cover  then  with  sound-absorbing  aaterial.  Fraaes  and  glasses  of 
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inspection  windows  aust  be  also  double  or  ewem  triple  (not  connected 
with  each  other)  and,  furthermore,  hermetically  sealed. 
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Fig.  140.  Double  sectional  silencer.  1 - entry,  2,  3,  4 - Venturi's 
section,  5 - the  section  of  diffuser,  6 - the  section  of  bifurcation, 
7 - the  section  of  throttle,  8 - the  section  of  the 
perforated/punched  cone,  9 - section,  10  - the  section  of  the 
perforated/punched  diffuser,  11  - the  section  of  separators,  12  - the 
section  of  cascade  exhaust. 


Key:  (1).  riding-crop 
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Fig.  141.  Propulsion  test  facility  with  soundproofing.  1 - the 
Friaary  air  duct,  2 - device  for  silencing,  3 - louver,  4 - rails,  5 
- the  injector  of  fire  extinguishers,  6 - engine,  7 - three-point 
engine  nount,  8 - the  telescopic  section  of  exhaust  duct,  9 - the 
removable  section  of  exhaust  duct,  10  - window  in  tube  for 
observation,  11  - the  second  air  intake,  12  - the  cabin/coapar teent 
of  control,  13  - inspection  window  and  panel,  14  - aanoaetric  panel, 
15  - the  dual  silencer. 


Page  .179 
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The  trenches,  which  go  fron  box  into  the  cafcin/coapartaent  of 
control,  and  holes  within  the  walls  between  thea  (for  the  packing  of 
different  aain  lines)  aust  be  thoroughly  filled  up  by 
sound- absorbings  Material.  The  wall,  which  separate/liberates  box 
froa  the  cabin/coapartaent  of  control,  aust  be  double,  with  necessary 
air  space. 

Let  us  exaaine  propulsion  test  facility  with  noise  suppression 
(Fig.  141).  The  systeas  of  noise  suppression  during  suction  and  on 
exhaust  are  based  on  principles  exaained  above. 

Air  is  drawn  in  through  two  air  intakes:  through  the  basic  1 in 
the  forward  section  of  the  station,  in  which  vertically 
arranged/located  soundproofing  panels  2 fora  in  plan/layout  channels 
in  the  fora  of  broken  line,  and  through  second  air  intake  11, 
arrange/located  in  the  roof  of  experiaental  station,  which  feeds 
ejection  pipe  by  air  for  cooling  of  exhaust  gases.  On  exhaust  is 
located  dual  sound  proof er  15. 

Exaaples  exaained  above  of  the  organization  of  the  systeas  of 
noise  suppression  are  related  in  essence  to  stations  for  testing  the 
turbojet  engines.  During  the  layout  of  stations  for  tests  of  TVD,  it 
is  necessary  to  consider  the  consuaption  of  air  by  screw/propellers 
aqd  to  increase  the  diaensions  of  the  noise-abating  channels. 
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11.  Safety  engineering  during  tests. 


the  technological  special  feature/peculiarities  of  the  very 
process  of  testing  require  conducting  a series  cf  aeasures  for  the 
safety  control  and  protection  of  the  health  of  the  service  personnel. 


During  tests,  in  particular  experimental,  are  possible  breakages 
in  the  engine.  In  this  case,  the  greatest  danger  they  represent  first 
of  all  breakages  of  rotating  parts  of  the  compressor  and  turbine,  but 
in  the  case  of  testing  of  TVD  or  of  bypass  engine  - breakage  in 
propeller  or  fan. 


lith  the  emergency  of  the  rotor  of  engine  or  propeller  of  part, 
are  produced  the  extensive  failures  not  only  of  engine  itself,  but 
also  of  test  equipment  and  unit.  In  the  practice  of  tests,  were  the 
cases  of  the  explosion  of  the  turbine  disk,  which  was  being  rotated 
with  speed  approxiaately  450  a/s.  The  fragaents  of  disk,  after 
clearing  the  steel  band/shroud/tire  of  turbine  and  after  bending  the 
shielding  steel  plate  with  a thickness  of  20  n,  they  broke  the 
concrete  wall#  standing  in  several  meters  froa  engine,  at  depth  150<*,> 
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, The  given  example  it  sho vs,  how  heavy  can  be  the  consequences  of 


such  emergencies. 


Inspection  window  of  the  cabin/coapartaent  of  control  is 
reconnended  to  sake  from  bulletproof  glass  and  to  place  outside  the 
plane  of  the  rotation  of  the  rotor  of  engine  or  propellers. 


During  testing  of  jet  engines,  it  is  dangerous  to  be  located 
near  the  airflow,  entering  the  engine,  or  gas  at  output/yield  fron 
engine,  which  can  be  the  reason  for  accident. 


Page  180. 


Therefore  categorically  it  is  forbidden  to  enter  in  the  box  where 
works  engine  in  all  aode/coaditions,  except  idling  conditions.  The 
places,  subjected  to  the  effect  of  the  cosing  out  fron  box  flow,  aust 
be  protect/surrounded. 


For  the  equipaent  of  engine  on  the  aachiae  tool  prior  to  tests, 
for  the  installation  of  propeller  (in  the  case  cf  testing  of  TVD) 
around  test  bench  creates  the  special  area/sites,  which  aake  it 
possible  for  the  service  personnel  to  conduct  the  necessary  works. 


At  propulsion  test  facilities  iaportant  value  has  the  fight  with 
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the  contamination  of  working  locations  by  the  pairs  of 
fuel/propellant,  oil  and  by  coabustion  products-  For  this  purpose,  it 
is  necessary  to  continuously  clean  air  by  the  way  of  suction  and 
exhaust  ventilation. 


the  eliminations  of  the  possibility  of  the  overflow  of  aercury 
piezoaetric  panels  shield  by  fiberglass  and  establish/install  from 
below  special  washer  where  aust  be  asseabled  spilled  aercury.  In 
order  to  decrease  the  isolation/liberation  of  aercury  vapors,  it  is 
recoaaended  into  the  tubes  of  piezometers,  filled  by  aercury,  to  fill 
a litfle  kerosene  or  water.  The  peraissible  content  of  aercury  vapor 
indoor  or  the  surrounding  atmosphere  is  not  more  than  0.01  ag  by  1 a3 
of  air.  Since  the  pairs  of  aercury  are  very  harmful,  it  is  necessary 
to  attempt  not  to  apply  in  testing  units  instruments  with  aercury. 


The  pairs  of  fuel/propellants  and  oils  are  dangerous  in  fire 
sense  and  detriaen tally  they  affect  on  the  health  of  the  service 
personnel.  Therefore  it  is  not  possible  to  allow/assuae  any  inflows 
in  the  fuel  and  oil  systeas  of  unit.  The  fuel  and  oil-piping  layers, 
laid  in  special  channels.  Bust  be  connected  with  the  system  of 
ezhaust  ventilation. 


The  presence  at  the  experimental  station  of  the  iaf leasable 
materials,  of  the  free  flame,  heated  parts  cf  the  engine  and  hot 
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exhaust  gases  produces  the  need  for  a strict  observance  of  neasures 
and  rules  of  f ire- f ighting  safety.  Therefore  at  units  on  engine 
testing*  besides  conventional  aeans  of  fire  control  (fire 
extinguishers*  felt*  water*  sand  so  forth) * apply  special  devices. 
Thus*  for  instance*  in  fuel  systea  is  provided  for  the  drain  line* 
intended  for  a rapid  fuel  duaping  fron  an  entire  systea  into  the 
special  tanks*  buried  into  the  earth/ground,  one  should  not  apply  in 
fuel  tanks  or  neasuring  devices  level  gauges  in  the  for*  of  glass 
tubes. 


Categorically  it  is  forbidden  indcor  cf  experinental  station  to 
saoke#  to  ignite  natches  and  to  apply  different  inflannable 
instruments.  It  is  recoanended  in  boxes*  the  cabin/coapactaents  of 
contrpl  and  technological  locations  to  install  electric  laaps  in  the 
special  niches,  closed  with  done  lights. 


The  aost  effective  resources  of  the  quenching  of  fire  at  station 
are  fpaaing  and  carbonic  acid  units. 
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During  the  eaergence  of  fire  hazard*  one  should  include/connect 
fire-fighting  devices.  Siaultaneously  with  this  autonatically  aust 
stop  fuel  feed  and  be  include/connected  the  drain  line. 
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Tasks  in  safety  control  advance  a series  of  requirements  for  the 
Structural  constructions  of  station.  These  requireaents  are 
considered:  in  the  planning  of  station;  in  the  construction  of 
construction  structures;  in  the  width  of  passes  and  the  nueber  of 
output/yields,  intended  to  ensure  if  necessary  the  evacuation  of 
entire  personnel  of  station  during  3 sin.;  for  the  illumination  of 
location;  for  its  ventilation  and  heating. 


m 
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Chapter  VI. 


TECHNOLOGY  OF  PRODUCTION  TYPE  TESTS  OF  JET  ENGINES. 


Technology  of  tests  deteraines  operations  and 
transfer/transitions  and  regulates  their  order*  which  ensures 
good-quality  test  work  and  the  issue  of  engines  in  accordance  with 
technical  specifications. 

The  technological  process  of  engine  testing  can  be  broken  into 
the  following  stages: 

1)  training/preparation  of  engine  for  testing  (inspection*  the 
setting  of  transfer  branches,  different  kind  of  sensors  and  devices); 

2)  the  installation  of  engine  on  the  nachine  tool  (connection  of 
the  systeas  of  seasureaents,  fuel  and  oil  systeas,  for  TVD  the 
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setting  of  propellers)  ; 


3)  strictly  of  testing; 


4)  the  disassembly  of  engine  froa  aachiae  tool; 


5)  working  engine  after  tests  (taking  transfer  branches, 
sensors,  devices,  the  daaping  of  holes,  partial  lock  and  stopping, 
conservation) . 

Duration  and  the  test  procedure  are  determined  by  type  and  the 
construction  of  engine  and  are  specified  by  test  programs.  In  present 
chapter  is  examined  as  an  example  technology  of  the  tests  of 
turboprop  engines  with  coaxial  propellers  and  scae  special 
feature/peculiarities  of  technology  of  the  tests  of  turbojet  and 
ran  jet  engines. 


1.  Technology  of  production  type  tests  T7D. 


The  process  of  production  type  tests  of  TVD  in  question  consists 
of  two  stages. 
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The  first  stage:  turboprop  engine  with  two  coaxial  propellers 
are  tested  on  rigid  nachine  tool  (see  Fig.  117)  without  the 
neasurenent  of  effective  power  and  reactive  thrust/rod. 

The  second  stage:  turboprop  engine  without  propellers  they  are 
tested  on  the  conbined  nachine  tool  (see  Fig.  128)  with  the 
siaultaneous  neasurenent  of  shaft  horsepower  of  reducer  and 
thrust/rod s of  jet  nozzle. 

Page  183. 


Training/preparation  for  tests. 


The  state  of  equipaent  and  instruaents  of  testing  unit  has  large 
value  for  the  successful  test  wort  of  engine,  but  their  aa  If  unction 
can  lead  as  to  the  distortion  of  test  results,  so  to  the  serious 
eaergency  of  nachine  tool. 

Hachine  tool  and  its  equipaent,  systems  and  instruaents  at 
testing  unit  systeaatically  are  checked  aad  subject  to  preventive  or 
routine  aaintenance  work.  Preventive  aoathly  works  consist  in 
flushing  and  the  careful  inspection  of  nachine  tool,  aaintenance 


A 
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platforns  of  engine,  oil  and  fuel  systen si  oil  and  fuel  filters,  fuel 
neters,  wights,  etc. 

The  filtecs  of  the  oil  and  fuel  systens  of  unit  will  inspect  and 
wash  in  gasoline,  the  results  of  the  inspection  of  filters  will  bring 
in  into  the  route  charts  of  routine  aaintenance  work.  They  check,  do 
not  flow  fuel,  oil  and  other  hydraulic  systeas.  is  controlled  the 
evenness  of  the  course  of  throttle  control  on  panel.  The 
jaaniog/seizing  of  throttle  circuit  and  tjlght  ccurse  are  not 
peraissible. 

i 

Special  attention  when  conducting  of  preventive  works  gives  to 
the  inspection  of  instrunents,  them  they  reaove/take  froa  panel  and 
direct  to  the  instruaent  coapartaent  of  station  for  testing. 

Is  checked  the  electric  power  supply  of  the  autoaation  of 
starting/launching  by  the  switching  on  of  the  corresponding  toggle  9 

switches  and  by  the  inspection  of  indicator  laaps.  Hill  inspect 
devices  and  cables  for  the  lift  of  engine  - electric  overhead 
conveyors  and  they  check  their  work. 

Before  beginning  of  tests,  are  prepared  necessary  doc uaentation: 
technplogy  of  tests,  foras  of  the  record  sheets  of  tests,  log  book  J 

and  the  service  records  of  instrunents. 
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Inspection  transportation  and  installation  of  engine. 


The  assembled  engine  is  received  by  the  workers  of  experimental 
station  on  exchange  point/itea.  With  inspection/acceptance  is 
produced  the  visual  inspection  of  engine,  is  checked  the  presence  of 
plug/silencers  at  the  entry  into  compressor,  in  jet  nozzle,  on  the 
branches  of  bench  systems,  and  also  the  presence  of  seals  on  the 
adjusting  screws  of  aggregate/units.  Up  to  the  torgue/nonent  of  the 
transfer  of  engine  fron  assembly  shop  to  experiaental  station,  aust 
be  transnitted  entire/all  its  technical  specifications  and  records 
(log  book  and  service  records). 

The  brought  into  box  engine  builds  up  fron  transporting  truck  by 
electric  overhead  conveyor,  they  establish/install  to  the  engine  f 

aount  of  machine  tool  and  they  fasten  on  it.  Then  connect  up  hoses 
and  the  turboconductors  of  fuel  and  oil  systems,  engine  control  rod. 
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ire  establish/installed  the  sensors  of  the  measurement  of 
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teaperature,  vibrations,  are  connected  hoses  and  the 
condait/aanifolds  of  the  aeasureaent  of  pressures,  etc. 

In  the  case  of  testing  of  TVD  on  rigid  aachine  tool 
siaultaneo usly  with  connection  of  coaaunications  and  electric  wirings 
for  the  shaft  of  engine  are  installed  propellers.  Usually  blade/vanes 
and  propeller  hubs  transport  separately  and  asseable  in  box. 

The  final  operation  of  the  setting  up  of  propellers  is  testing 
the  play  of  blade/vanes.  For  this  purpose  on  special  support/socket, 
they  fasten  indicator  and  its  leg  they  will  feed  prior  to  contact 
with  the  blade/vane  of  front/leading  screw/propeller  at  the 
determined  dianeter  (on  all  screw/propellers  the  place  of  testing 
play  noted  by  line). 

During  propeller  rotation  by  hand,  are  record/written  the  throws 
of  the  pointer  of  indicator  on  all  blade/vanes.  The  unit  of  indicator 
for  testing  of  play  is  shown  in  Fig-  142.  The  greatest  difference  in 
the  deviations  nust  not  exceed  the  allowed  values,  stipulated  in 
operating  instructions  of  screw/propeller  (1. 0-5.0  nn) . Then  this 
operation  is  repeated  with  the  second  screw/propeller. 

The  presence  of  large  play  indicates  the  nisad justnen t of 
blade/vanes  in  the  beaker/sleeves  of  sleeve  or  the  nisad justaent  of 
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propeller  the  shaft  of  engine,  which  is  led  to  the  dynamic  lack  of 
balance  of  propeller  and  engine  vibration. 

The  presence  in  the  box  of  powerful  air  flew  during  testing 
requires  the  reliable  attachment  of  the  connected  to  engine  hoses,  * 

cond uit/aanif olds  and  electric  wires. 

» 

At  the  termination  of  installation  the  engine  is  prepared  for 
starting/l'aunching,  for  which  are  checked  the  presence  of  the 
pressure  of  fuel/propellant  in  bench  main  line,  a correctness  of  the 

i] 

control  of  fuel  meter,  a quantity  of  oil  in  oil  tank.  Thoroughly  they 
check,  no  whether  in  engine,  box  and  on  the  maintenance  platforn  of 
foreign  objects.  Proa  box  remove  instrument,  the  devices  and  dampers 
and  other  object/subjects* 

If  are  carried  out  all  preparatory  works  and  is  tested  the 
readiaess  of  unit,  they  begin  directly  engine  starting.  * 
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Fig.  142.  Testing  play  of  propeller  blades. 
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Acceptance  test. 


8 

Acceptance  testing  begins  froe  false  start  of  engine  with  its 
wareiog  up  froe  starter  without  the  ignition  of  fuel/propellant. 

False  start  are  carried  out  for  the  target/purpcse  of  the  filling  of 
the  lubrication  systea  of  engine  with  oil*  the  functional  checks  of 
starter,  drainage  devices  of  the  coebustion  chaaber  and  renoval  of 
preservative  of  fuel  systee. 


S 
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Before  starting/launching  it  is  necessary  to  heat  oil  in  the 
lubrication  systea  of  unit  to  40-50°C.  It  is  especially  necessary  to 
preheat  oil  ia  the  winter  tine  when  at  the  low  teaperatures  of 
surrounding  air  the  viscosity  of  oil  is  raised. 

Engine  starting  produces  with  the  pressure  of  the  starting 
button  on  panel,  all  further  operations  are  produced  autoaatically  up 
to  output/yield  to  idling-  Under  the  conditions  of  idling,  the  engine 
works  during  5-10  ain.,  after  which  is  stopped  by  stop-cock.  During 
starting/launching  and  in  work  on  idling,  they  aeasure: 

1)  the  operating  tia4  of  starter; 

2)  the  tine  of  the  activation  of  the  notor  of  idling  froa  the 
torqoe/aoaent  of  launching/starting; 

3)  the  revolutions  of  the  rotor  of  engine; 

4)  oil  pressure; 


5)  the  fuel  consuaption 
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6)  the  teaperature  of  gases  behind  turbine; 

7)  the  teaperature  of  oil  at  entrance  and  exit  froa  engine. 

Kith  stop  is  deterained  the  lightness/ease  of  the  course  of 
engine  froa  1000  r/ain  to  dead  loch  (according  to  stop).  This 
paraaeter  shows  the  degree  of  the  lightness/ease  of  the  rotation  of 
the  rotor  of  engine  and  the  absence  of  extraneous  friction  in  parts 
and  aggregate/units. 

Of  expedient  when  conducting  acceptance  test  to  coabine  to  the 
breaking  in  of  engine  and  the  control  of  the  basic  paraaeters.  Thus, 
for  instance,  during  breakings  in  check  work  of  the  systea  of  the 
feathering  of  propellers.  To  the  breaking  in  of  the  parts  of  engine 
they  carry  out  in  several  stages  with  gradual  increase  of  capacity. 

First  stage  - breaking  in  on  revolutions  with  their 
finisking/bringing  to  the  aaxiaua.  Propeller  blades  are 
establish/installed  in  this  case  at  low  pitch  (floating 
screw/ propeller) . Revolutions  raise  gradually  through  200*500  r/ain; 
the  bolding  tiae  on  each  nuaber  of  revolutions  5-10  ain.,  during  this 
tiae  aeasure  the  basic  paraaeters  of  engine  and  is  checked  work  of 
aggregate/unite. 
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second  stage  - the  breaking  in  of  engine  according  to  power  with 
a gradual  stepped  increase  in  the  latter  to  node/conditions  0.7  iron 
the  noninal. 

Third  stage  ~ breaking  in  according  to  power  up  to  takeoff 
conditions. 

Engine  power  rating  during  acceptance  test  is  assigned  by  flow 
rate  of  fuel/propellant.  At  each  step/stage  of  power,  the  engine 
works  by  5-15  nin.  during  which  are  neasured  all  paraeeters. 

1 

With  the  engine  shutdowns  between  stages,  the  breakings  in 
produce  control  and  the  visual  inspection. 

| 

Page  186. 

In  process  the  breakings  in  check  work  of  auxiliary  units  - I 

electric  generators,  regulators,  servodrives,  hydraulic  puap,  air 
conpressor,  and  also  function  of  sensors  and  autonatic  devices  of 
control  systea  and  their  adjustaent.  By  the  sharp  (during  1-1.5  s. ) 
aoveaent  of  sector  froa  the  detent  of  idling  to  the  detent  of  aaxiaua 
revolutions  is  checked  the  accelerating  of  engine  and  by  the  reverse 
notion  of  sector  « the  jettisoning  of  gas.  i 
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The  results  of  the  control  of  engine  are  checked  to  the  end  of 
acceptance  test  in  all  node/conditions  fron  idling  to  the  takeoff. 
After  coapletion  of  acceptance  test,  all  regulating  assenblies  fasten 
and  seal. 

The  fuel  systea  of  engine  they  preserve  by  the  filling  with 
light  oil  during  warning  up  or  false  start.  All  works,  conducted  with 
engine  daring  acceptance  test,  will  bring  in  into  record  sheet. 

Soae  defects  of  the  poor  guality  asseably  of  engine  (inflow  of 
oil  and  fuel/propellant  in  the  connections  cf  ccnduit/aani folds)  are 
reaoved  in  the  process  of  the  testing  by  Aha  workers  of  asseably 
shop.  Engine,  passed  acceptance  test,  disnantle  froa  nachine  tool  and 
direct  to  coaplete  disaantling  to  asseably  shop.'  If  as  a result  of 
disaaatling  and  inspection  of  parts  on  it  is  detected  any  digressions 
froa  technical  specifications,  then  engine  again  is  assenbled  and 
direct  to  control  testing  with  hydraulic  brake. 


Honitoring  tests  on  hydraulic  brake  stand* 


Honitoring  test  of  engine  on  nachine  tool  with  hydraulic  brake 


consists  of: 


r - 

442- 
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1)  training/preparation  of  aachine  tool  for  testing; 


2)  the  installation  of  engine  for  aachine  tool; 


3)  starting/launching  and  the  breakiags  in  of  engine; 


4)  the  aeasureaent  of  control  points; 


5)  the  disassecbly  of  engine  fron  aachine  tool. 


For  the  test  work  of  engine,  they  asseable  in  assenbly  shop 
without  reducer,  but  with  technological  6haft  far  the  direct 
connection  of  the  rotor  of  engine  with  hydraulic  brake.  In  this  case, 
is  not  elininated  the  possibility  of  testing  on  hydraulic**  brake 
aachine  tool  of  geared  engine.  Por  this  purpose  the  aachine  tool  aust 
be  equipped  with  slow- speed  hydraulic  brakes  of  the  corresponding 
power*  The  diaensions  of  slow-speed  hydraulic  brakes  are  great  and 
can  owershade  the  entry  of  air  into  cpapressor.  Therefore  widest  use 
receiwed  tests  of  TVD  in  ungeared  version. 

During  training/preparation  of  hydraulic  brake  aachine  tool  and 
to  its  tests  will  inspect  and  check  the  correctness  of  the  position  ij 
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of  the  levees  of  the  systees  of  the  aeasureaent  of  the  torsional 
■oeent  and  thrust/rod  of  jet  nozzle*  and  also  the  soundness  of  the 
tap/cranes  of  fuel  and  oil  systeus,  the  lightness/ease  of  the  course 
of  throttle  circuits  and  hydraulic  brake*  the  state  of  lifting 
devices*  the  presence  of  the  necessary  iastruaent*  the  purity/finish 
and  the  conpleteness  of  hoses*  conduit/nanifolds  and  electric  wiring. 

Page  187. 

At  the  beginning  of  tests,  nust  be  prepared  technology  of  tests, 
reference  about  the  analysis  of  fuel/propellant  and  oils,  service 
records  and  log  book  of  aonitoring-aeasur ing  eguipaent. 

All  instruaeats  aust  be  tested  in  plant  laboratory  within  the 
appropriate  periods,  set  by  technology  cf  conducting  routine 
aaintenance  work. 

Asseabled  to  h ydraulic- brake  testing  of  engine,  it  is  aounted  in 
aachiee  tool  and  are  fastened  in  the  supports  of  the  engine  aount. 
which  they  aake  it  possible  to  aove  engine  for  providing  the  axial 
alignaent  with  the  rotor  of  hydraulic  brake.  The  shafts  of  engine  and 
hydraulic  brake  connect  by  special  shaft  with  the  splined  couplings* 
which  allow/assuae  the  insignificant  aiaalignaent  of  the  axle/axes  of 
engine  and  brake. 
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Before  the  unit  of  coupling  shaft,  is  aligned  of  the  axle/axis 
of  engine  with  the  axle/axis  of  hydraulic  brake,  with  the  cranking  of 
the  shaft  of  hydraulic  brake,  the  indicators,  establish/ia stal led  to 
the  special  rod,  attached  on  the  shaft  flange  cf  brake,  by  their  legs  j 

slip  on  the  shaft  flange  of  engine.  In  four  positions  through  90°  in 
circuaference,  record/write  the  deviations  the  riflenan/gunner  of 
indicators.  Hith  the  aid  of  the  sovable  supports  of  the  engine  nount 
engine  they  aove  in  such  a way  that  the  deviations  riflenan/gunner  in 
radial  and  axial  direction  would  be  within  the  liaits  of  play.  The 
peraissible  play  they  consider:  in  radial  direction  _*0. 1 an,  in  axial 
direction  *0.05  aa.  The  unit  of  indicators  for  testing  of  centering 
is  shown  in  Fig.  143. 


t 


S 


( 
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Fig.  143.  Device  for  centering  of  engine  with  hydraulic  brake.  1 - 
the  shaft  of  hydraulic  brake,  2 - the  shaft  of  engine,  3 - device  for 
a centering. 


Page  188. 


Sieul taneousl y with  the  centering  of  engine  connect  up  fuel  and 
oil  systens  and  are  installed  the  sensors  of  the  neasureaant  of 
(resseres  and  tenperatures. 

During  training/preparatloa  of  engine  for  starting/launching*  it 
is  necessary  to  verify  that  that  than  is  oil  ia  oil  tank,  and  in  the 
case  of  aeasereaent  AU  and  Rt  hy  hydraulic  dyaaaoseters  and  in  the 
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engine  fro*  the  electric  drive:  notor  eechanic  by  hand,  by  the 
displaceeent/BOveeent  of  throttle  control,  feeds  fuel/propellant  and 
includes  ignition. 

To  the  breaking  in  of  engine  on  revocations  they  produce  with  a 
stepped  variation  in  the  latter  froa  idling  to  Operating  tine  on 
each  nuaber  of  revolutions  5-10  ain«  during  which  are  aeasured  the 
paraaeters  of  engine. 

It  teraination  the  breakings  in  produce  the  visual  inspection  of 
engine,  its  aggregate/units  and  hydraulic  brake,  are  checked  bench 
oil  filters. 

Before  the  aeasureaent  of  control  points,  is  checked  the 
calibration  of  the  torgue  aeters  and  reactive  thrust/rod.  Control 
points  are  renove/taken  under  conditions,  identical  to  engine  power 
ratings  daring  its  tasting  with  propellers.  In  the  process  of  the 
aeasureaent  of  the  control  points  the  aoaent  of  resistance,  developed 
with  hydraulic  brake,  changes  with  increase  or  with  decrease  in  the 
water  supply.  The  paraaeters  usually  are  record/fixed  at  the  end  of 
work  under  the  conditions  on  tine.  The  aeasured  paraaeters  are 
processed  and  using  the  obtained  aaterials  construct  characteristics. 
After  processing  of  test  results  the  fuel  systea  of  engine  they 
preserve  and  engine  they  disnantle  froa  aach£oe  tool* 
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Page  189. 

In  assembly  shop  to  engine,  passed  monitoring  test  with  hydraulic 
brake*  is  installed  reducer  with  the  a r tanged/ located  on  it 
aggregate/units,  after  which  engine  direct  to  monitoring  test  with 
propellers. 

Frequently  in  the  reducer  of  turboprop  engine,  is  installed 
torque  aeter  (Iktf;  for  determining  power.  With  sufficient 
accuracy/precision  and  operational  stability  of  monitoring  test 
of  production  engine  on  hydraulic- brake  machine  tool  can  be  not 
carried  out  or  carried  out  selectively,  for  separate  engines.  In  this 
case  sharply  is  reduced  the  cycle  of  testing  turboprop  engine,  is 
simplified  procedure,  descends  the  cost/value  of  testing.  In  the  case 
of  complete  failure  of  hydraulic-brake  tests,  there  is  no  need  for 
for  the  equipment  of  experimental  station  by  complex  hydraulic-brake 
units. 


Honitoring  test  with  propellers 


ii 
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Control  testing  with  propellers  consists  in  the  quality  control 
of  final  assenbly  and  adjustnent,  conducting  of  the  event/report  of 
delivery  to  the  representative  of  client  and  conservation  of  engine. 

Engine  is  installed  on  aachine  tool  in  the  order,  indicated  above. 

Bhen  conducting  of  nonitoring  test,  thoroughly  are  checked  the 
basic  parameters  of  engine,  and  also  operation  cf  engine  on  all 
operating  conditions,  starting  of  the  engine,  accelerating  and 
jettisoning  of  gas,  work  of  the  systea  of  the  autoaatic  feathering  of 
propellers,  function  of  the  aggregate/units  of  the  systens  of 
anti-icing. 

Before  each  start  of  engine  fron  starter  is  checked  the 
lightness/ease  of  the  rotation  of  rotor  by  the  cranking  of  the  latter 
in  several  revolutions  in  screw/propellers.  For  the  characteristic  of 
the  state  of  the  rotor  of  engine,  is  measured  the  stop  of  engine  with 
the  disconnection  of  fuel/propellant  for  n * 1000  r/nin. 

In  the  case  of  the  deviation  of  the  separate  parameters  of 
engine  fron  technical  specifications,  it  is  permitted  to  readjust 
then  and  it  is  additional  to  test. 

ht  the  ternination  of  the  quality  control  of  assenbly  and  $ 

control  thoroughly  will  inspect  and  wash  off  all  filters  of  the  fuel 


J 
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and  oil  systeas  of  engine.  Then  all  devices  on  the  aggregate/units  of 
control  systea  fasten  and  seal,  after  which  engine  they  present  to 
the  event/report  of  delivery  to  the  representative  of  client.  In  this 
case,  in  the  test  record  sheet,  they  record/vrite,  that  the  engine  is 
fixed  in  accordance  with  technology  of  tests  and  that  all  its 
paraaeters  correspond  to  technical  specifications. 

The  event/report  of  delivery  to  the  representative  of  client  is 
the  final  detailed  functional  check  of  engine  cn  all  operating 
conditions  with  the  aeasureaent  of  the  paraaeters  in  the  presence  of 
and  at  collaboration  the  representative  of  client. 

Fage  190. 

The  deviations  of  the  paraaeters  froa  technical  specifications  and 
the  presence  of  defects  at  the  event/report  of  delivery  are  not 
allow/assuaed.  « 

After  conducting  the  act  of  acceptance,  are  produced  the  visual 
inspection  of  engine,  the  inspection  and  the  flushing  of  all  fuel  and 
oil  filters.  Are  processed  data,  obtained  during  testing,  are 
constructed  the  necessary  curve/graphs.  The  engine  data,  obtained 
daring  aoaitoring  test,  will  bring  in  into  engine  log  sheet. 
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Passed  Monitoring  test  engine  they  preserve.  The  detailed  order 
of  internal  and  external  preservation  and  packing  of  engine  is 
deterained  by  special  conaand. 


Test  record  sheet. 


When  conducting  of  the  delivery  and  aonitoring  test  of  engine# 
is  conducted  the  test  record  sheet-  In  the  test  record  sheet  before 
first  engine  starting,  they  aust  be  recorded: 

.1)  Wo  engine#  its  aggregate/units  and  propeller; 

2)  date  and  the  tiae  of  obtaining  engine  for  installation; 

9)  No  testing  unit; 

4)  the  type  of  testing  (delivery,  control  at  hydraulic- brake 
unit#  control  with  propeller); 

5)  the  results  of  the  analysis  of  oii  and  fuel/propellant  in  the 
systems  of  unit  (specific  gravity/ueight#  viscosity#  flash  point#  the 
absence  of  aechanical  iapurities  and  water) ; 
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6)  the  operation  tine  of  engine  in  hours  and  ninutes  for  the 
preceding/previous  tests,  if  they  were  carried  cut; 

7)  the  readiness  of  engine  for  starting/launching. 

In  the  process  of  tests,  besides  the  neasureaents  of  the 
paraneters  of  engine  in  different  node/conditions,  are  record/written 
ail  works,  conducted  with  engine  (eliainaticn  of  defects,  replacement 
and  the  control  of  aggregate/units).  If  engine  stopped  not  on 

A 

technology  of  testing,  then  are  record/written  in  detail  the  reason 
for  stop  and  the  enuneration  of  subsequent  works  with  engine.  If  for 
amy  reasons  testing  is  interrupted  and  engine  is  renoved  fron  stand, 
then  this  they  also  record/fix  in  record  sheet. 

the  test  record  sheets  are  basic  docusent  and  therefore  nust  be 
conducted  then  especially  thoroughly.  9 

Processing  results. 

i 


The  neasured  during  engine  testing  p< 


ters  nust  be  given  to 
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standard  ataospheric  conditions.  Bringing  to  international  standard 
ataosph  mates  it  possible  to  coapare  production  engines  friend  and  by 
friend  under  the  condition  of  their  tests  under  different  ataospheric 
conditions  (in  winter  and  by  soaier,  at  night  and  in  the  daytiae, 
etc. )• 

Page  191. 

During  the  results  of  tests  pf  TV D unlike  the  conventional  for 
TED  given  paraaeters,  introduce  the  concept  of  nornal  given 

pa  raaeters:  N,  nopMt  Gt.  nopMt  Cn  nopMt  Rr.  nopv  so  forth. 

By  noraal  are  understood  the  values  of  the  paraaeters  of  the 
tested  engine*  led  to  standard  ataospheric  conditions  and  obtained  in 
one  and  the  saae  positions  of  controls. 

The  noraal  given  paraaeters  are  utilized  only  in  the  procedure 
of  processing  of  results  of  tests  of  TVD.  Seduction  coefficients* 
derived  on  the  basis  of  experiaental  tests*  are  given  only  for  given 
construction  of  TVD  with  the  deternined  and  constant/invariable  law 
of  the  control  of  revolutions  and  the  fuel  consuaption.  The  values  of 
the  noraal  paraaeters  are  assigned  by  technical  specifications. 

Engine  power  ratings  during  taking  of  control  points  on 
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hydraulic- brake  stand  are  established  on  load  and  revolutions.  The 
consul ption  of  fuel  and  other  parameters  of  engine  are  defined  as 
functions  of  node/conditions*  The  loads#  assigned  to  brake# 
calculate. 

During  engine  tests  with  propellers#  the  node/conditions  are 
established  according  to  the  fuel  consuaption,  and  shaft  horsepower 
engine  and  reactive  thrust/rod  determine  by  calculation  on  the  basis 
of  data#  obtained  during  engine  testing  on  hydraulic~brake  nachine 
tool.  Both  during  the  bench  test  with  hydraulic  brake  and  during  the 
testiig  in  by  propellers  the  ccnfornity  of  the  data  of  engine  to 
technical  specifications  is  checked  in  identical  engine  power 
ratings. 

Loads  during  the  unit  of  node/conditions  for  the  bench  tests  of 
engine  with  hydraulic  brake  calculate  d the  order#  presented  below. 
The  eguivalent  horsepower  of  gyro- prop  engine  is  deternined  fron 
formula  (130).  During  the  bench  test  of  engine  with  hydraulic  brake 
as  the  basis  of  peg  count  sunnary  for  the  assignnent  of 
node/eomditions#  is  taken  nornal  power  coefficient  on  the  shaft  of 
engine  Ntn» pm.  end  its  value  for  each  node/conditions  is  found  by  the 
fornnla 
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where 


0 ,91  Rc.  HnpM 

HOpM 


(HO) 


Vale*  w.hopm  i*  assigned  by  technical  specifications.  The 
values  of  coefficient  of  ■ for  tests  under  terrestrial  conditions 
calculate  according  to  characteristics,  reaoved  in  the  process  of 
experimental  tests  of  engine.  Since  tests  usually  pass  under 
conditions,  different  froa  standard  ataospheric  conditions,  the 
values  of  the  load  of  hydraulic  brake  a us  it  be  selected  so  that  after 
the  bringing  to  international  standard  atnosph  the  power  of  engine 
would  be  equal  to  N*  HopM . 

Page  192. 

Value  N'm*  at  these  ataospheric  conditions  for  each 
node/conditions  is  deterained  froa  the  foxaula 

(141) 

where  Kn  is  the  reduction  coefficient,  depending  on  pressure  and 
teaperature  of  surrounding  air  and  the  coasidering  law  of  the  control 
of  engine  in  revolutions  and  the  fuel  consuapticn.  The  value  of 
coefficient  Kn  ~ is  deterained  according  to  the  graphs,  constructed 
on  the  basis  of  experinental  testing  of  the  engine  of  this 
spcciaen/saaple. 
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Engine  at  the  assigned  power  charges  by  hydraulic  brake, 
creating  appropriate  braking  aoaent  on  the  shaft  of  engine.  In  this 
case,  the  assigned  operational  engine  revolutions  support  with 
constants  by  the  engine  governor,  which  with  an  increase  in  braking 
aonent  automatically  increases  fuel  feed. 


Braking  aonent  of  hydraulic  brake,  egual 
of  engine,  is  neasured  in  the  fora  of  force  P 
load  j( force  P)  for  assigned  for  the  engine  of 
according  to  the  Measured  power  is  deterained 


to  the  torsional  aonent 
on  ara  l . .he  value  of 
aode/conditi ons 
froa  the  for  aulas 


w Pin 

' ~ 71672  = 7161’ 


whence 


P= 


716.2A/,mm  716,2  K„  Nf  MOpM 


In 


(H2) 


Having  the  calibration  graph/diagraa  of  the  dependence  of 
pressure  on  the  torgue  aeter  of  hydraulic  brake  on  load  on  the  lever 
of  hydraulic  brake,  is  established  the  necessary  engine  power  rating. 


Calculation  of  noraal  parameters  of  TTD  during  testing  with  hydraulic 
brake. 
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For  determining  the  conforaity  of  the  aeasured  on  aachine  tool 
aith  hydraulic  brake  engine  data  to  technical  specifications,  it  is 
necessary  to  give  the  values  of  the  aeasured  paraaeters  at  the  fixed 
attitude  of  controls  for  nornal  atmospheric  conditions.  In  the 
process  of  tests  of  TTD#  are  aeasured  and  calculate  the  following 
values:  Nr,  Rc,  Gy  7^  (teaperature  of  the  stagnant  flow  of  gases 

behind  turbine). 

Page  193. 


The  nornal  values  of  the  paraaeters  are  calculated  according  to  the 


following  foraulas: 


N, 


Ur 


' H.p»  Kn 
Ot.JIK 


MOpM  ' 


R,  MOOM 


Ka 

MU  , 


(H3) 

(144) 

(145) 


7-; 


HOpM 


Kr  ’ 
C 


(146) 

(147) 


LI 


9 


t 


B i 


( 


■here  Kn.  K«,  Kn,  Kt.  ~ the  corresponding  reduction  coefficients 
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The  normal  pa  rase tecs  of  engine  during  Monitoring  tests  with 
propellers  calculate  also  according  to  these  foraulas.  The  engine 
speed  both  during  the  bench  test  with  hydraulic  brake  and  propellers 
renaiss  constant  and  equal  to  nm pM. 

In  the  case  of  deviation  n,.„  fro*  the  assigned  valae  of 
revolutions  during  calculation  N, HopM  and  Rr  n#pM  are  introduced  the 
corrections.  Allowance  finds  through  the  graphs*  constructed  on  the 
basis  of  experiaental  tests. 

0 

2.  Special  feature/peculiarities  of  endurance  tests. 

Endurance  tests  carry  out  by  various  stages.  The  duration  of  the 
stage  of  continuous  operation  is  deteruined  by  the  ultiaate  purpose 
of  engine.  After  each  stage  of  endurance  test*  will  inspect  engine  9 

and  will  fulfill  sone  routine  Maintenance  work. 

The  total  quantity  of  stages  of  endurance  test  is  deteruined 
then  by  duration  and  the  established/installed  resource/lif eti ue.  The 
uode/conditions  of  testing  and  the  operation  tine  of  engine  for  stage 
are  selected  so  that  after  couplet  ion  of  endurance  test  operation 
tiac  under  the  conditions  would  correspond  to  the  declared  data. 
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Thus , foe  instance,  during  100-hour  tests  aust  be  40  hours  of 
noainal,  10  hours  of  takeoff  and  50  hours  cf  cruise  settings.  The 
alternation  of  nod e/conditions  in  stage  approxinately  corresponds  to 
the  possible  alternation  of  aode/conditions  in  operation. 

Prior  to  endurance  tests  and  after  then  arc  renove/taken  the 
fuadaaental  engine  characteristics  for  the  target/purpose  of  the 
deteraination  of  the  stability  of  its  paraaeters  in  the  process  of 
continuous  operation.  According  to  datua,  on  obtained  during  tests, 
is  deterained  a change  in  the  basic  paraaeters  of  engine  for  the  tiae 
of  endurance  test.  The  average  power  coefficients,  reactive 
thrust/rod  and  specific  fuel  consuaptiop  and  other  paraaeters  in  the 
stages  of  endurance  test  calculate  according  to  the  averaged  hourly 
coasuaption  of  fuel/propellant  under  the  conditions.  Findings 
suaaarize  in  table. 

Page  194. 

During  the  coapilation  of  reports  about  conducting  of  endurance 
test,  besides  the  tables  of  the  average  paraaeters  and  graphs  of  a 
change  of  then  in  the  process  of  testing,  they  coapose  the 
sheet/table/list  of  the  defects,  recorded  in  the  process  of  testing, 
with  the  detailed  description  of  the  character  of  defect  and  its 
reasons.  In  report  are  placed  the  photographs  of  separate  defective 
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pacts  and  they  give  conclusion  about  the  results  of  conducting  of 
endurance  test  and  cecoaaendation  regarding  the  elimination  of  the 
reveal/detect/exposed  defects. 

In  the  case  of  the  unsatisfactory  teraination  of  testing 
(breakage  in  the  parts  and  asseablies  during  tests  or  the 
considerable  wear  and  the  destruction#  establish/installed  with  the 
disaantling  of  engine)  the  plant  Bust  deteraine  the  reasons  for  the 
emergence  of  defects#  develop  and  take  aeasures  for  their 
eliaioation.  After  this  it  is  necessary  bo  repeat  testing.  Even  if 
one  engine  of  batch  did  not  pass  testing#  then  they  scrap  entire 
batchh  Subsequently  engines  can  be  allowed  to  operation#  if  after 
conducting  of  narked  by  enterprise  the  first  selected  froa  batch 
engine  successfully  passes  series  endurance  test. 

3.  Special  feature/peculiarities  of  tests  TBD.  i 


Turbojet  engine  unlike  the  turboprop  does  not  have  the  heavily 
stressed  reducer  and  propeller.  Turbojet  engine  does  not  need 
prolonged  the  breaking  in  of  parts#  since  the  rotor  of  engine  is 
rotated  in  antifriction  bearings#  but  the  which  require  careful  when 
working  gears  of  reducer  are  absent.  The  process  of  testing  is 
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simplified  even  as  a result  of  the  fact  that  there  is  no  need  to 
■ensure  the  power  of  engine.  The  tine,  necessary  for  testing  TRD,  is 
considerably  less  than  with  to  tests  of  TRD. 


The  thrust/rod  of  turbojet  engine  depends  substantially  on 
revolutions;  therefore  is  reguired  the  high  accuracy/precision  of 
their  aeasureaent.  During  tests  of  TRD  large  value  has  the  adjustment 
of  teaperature  field  behind  turbine.  The  evaluation  of  field  is 
produced  in  the  average  value  of  teaperature  and  its  uniforaity  on 
entirefield.  Adjustment  of  the  thrust/rod  of  jet  engine  produces  with 
the  selection  of  the  nozzle  of  the  necessary  cross  section.  Decrease  1 

in  the  cross  section  of  nozzle  leads  to  aa  increase  in  the  reactive 
thrust/rod  and  vice  versa. 


In  essence  the  technological  process  of  the  delivery*  control 
and  endurance  tests  of  turbojet  engines  is  very  siailar  to  technology 
of  the  ^.ests  of  turboprop  engines.  Preparatory  works*  installation* 
preventive  works  on  bench  equipment*  processing  the  results  of  tests 
of  TRD  have  such  in  coaaon  with  the  saae  processes  with  tests  of  TVD 
and  therefore  be  exaained  they  will  not  be. 


Page  195. 
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Bringing  the  measured  parameters  of  TRD  and  international 
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standard  ataosph  carries  out  through  by  the  following  the  foraulas 


the  thrust/rod  of  the  engine 


' np 


760 

/’»■ 


engine  revolutions 


n„  = 


| 


288 

7 |3M 


(H8) 


(149) 


the  hourly  consumption  of  the  f uel/propellant 


760 

Pit  H 


(150) 


the  specific  consumption  of  the  fuel/propellant 


'Rtf' 


' R 3«u 


(151) 


the  teaperature  of  gasea  behind  the  turbine 


T 


4 lip 


t*  288 

• 4 MM  • 
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4.  General  inforaation  about  tests  PVBD. 


The  purpose  of  the  tests  of  raajet  engines  it  is 
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1)  the  quality  control  of  the  asseably  of  engine; 


2)  testing  the  conforaity  of  thrust  characteristics  assigned; 


3)  the  study  of  the  stability  of  operating  conditions  of  engine 
in  different  node/conditions  and  the  explanation  of  the  presence  of 
the  flaneouts  and  superheating  of  the  separate  parts  of  hot  part; 

4)  testing  correctness  and  operational  stability  fuel  regulator; 


5)  testing  the  reliability  of  starting  at  varied  conditions  for  4 

R and  teaperature  of  air  at  the  inlet. 

For  operational  provisions  for  PVBD  under  terrestrial 
conditions9  it  is  necessary  to  create  velocity  head  of  air  at  the 
engine  inlet. 

Air  is  fed  in  PVBD  with  the  special  unit,  which  Bakes  it 
possible  to  change  its  velocity  and  teaperature.  The  rate  of  air  feed 
depends  on  the  aode/conditions  of  engine  tests.  The  scheaatic  of 
siaplest  stand  subsonic  raajet  engine  is  shown  in  Fig.  144.  Engine  is 
iastailed  on  the  aachine  tool,  which  is  restiqg  on  flexible  towers 
fraae  with  the  lever/crank  device,  which  transaits  the  effort/force 
>r  thrast/rod  of  PVBD  to  force  gauge. 


L 
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Page  196. 

Vo  avoid  the  distortion  of  velocity  fields  in  the  inlet 
diffuser,  the  axle/axis  of  engine  aust  coincide  with  the  axle/axis  of 
air-sapply  branch  connection.  Fuel/propellant  tc  engine  is  fed  fros 
the  expenditure  capacitance/capacity  by  the  bench  pusp,  which  ensures 
necessary  according  to  technical  specifications  of  flow  rate  and 
pressures.  The  pressure  of  fuel/propellant  at  the  engine  inlet  is 
regulated  fron  control  panel  of  the  throttle  valve. 

The  necessary  conditions  of  tests  of  PVBD  is  testing  the 
reliability  of  starting/launching,  since  the  engine, 
establish/installed  on  rocket  or  aircraft,  does  not  possess 
capability  for  independent  start  and  it  aust  reliably  be  started  in 
air  at  con paratively  high  flight  velocities. 

One  Of  the  iaportant  special  feature/peculiarities  of  tests  of 
PVBD  is  their  short-life  (order  2-4  ain.)  * therefore  the  aeasureaents 
of  paraaeters  of  engine  and  their  fixing  aust  be  produced 
autoaatically.  Usually  the  instruaents,  which  aeasure  the  paraaeters, 
are  established  on  separate  panel  and  photograph  after  definite 
intervals  of  tine  in  each  operating  aode. 


-5.  » 
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Preventive  works  on  unit  are  sinilar  those  who  were  described 
above.  Special  attention  is  given  to  the  naintenance  of  the  conplex 
feed  systea  of  air  and  to  handling  it. 

Prior  to  each  testing  of  engine,  is  produced  the  calibration  of 
the  device  of  the  aeasureaent  of  thrust/rod.  The  necessary  conditions 
cf  preparatory  works  is  the  pressure  leak  test  of  tubes  and  hoses  of 
the  systeas  of  the  aeasureaent  of  the  paraaeters  of  ait  channel.  The 
presence  of  insignificant  air  losses  is  led  to  essential  distortion 
of  results. 
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pig.  144.  Diagraa  of  tests  of  P?BD.  1 - the  receiver  of  the 
co.pressed  air.  2 - calibration  instru.ent.  3 - suction  gauge.  4 - 
test  bench;  5 - exhaust  pipe.  6 - fuel  input.  7 - Pf»D.  8 - nozzle 


Page  197. 

During  testing  of  PVBD  at  the  unit  whose  scheaatic  is  shown  in 
Fig.  144.  the  aeasured  thrust/rod  will  be  below  theoretical,  that  not 
considering  external  resistance,  to  value  R»m' 

R — R M.  + flcMp- 


The  awount  of  the  force  of  external  resistance  /?eonp  depends 

oq  the  incident  flow  paraneters.  Is  deterained  this  force  froa  the 
data  of  the  cold  blasting  of  engine  on  the  basis  of  which  is 
constructed  the  gr aph/diagraa  of  the  dependence  oa  velocity 

of  incident  flow. 


Unlike  TYD  and  TBD,  this  type  of  engine  dees  not  require 
acceptance  tests  for  rolling  and  breakings  in;  therefore  in  series 
production  of  PVBD,  undergoes  only  aonitoring  tests.  Besides 
■onitpring  tests,  separate  engines  selectively  undergo  endurance 
tests  for  conplete  resour ce/lifetine. 
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Chapter  VII. 


PLIGHT  TESTS  OF  ENGINES. 


The  technical  flight  aircraft  quality/fineness  ratios  to  a 
considerable  degree  are  determined  by  characteristics  and  the 
operational  indices  of  their  engines.  Always  there  are  larger  or 
saaller  differences  in  the  actual  flight  characteristics  of  engines 
froa  the  obtained  at  stations  or  under  conditions  high~alt itude 
installations.  Furthermore,  it  is  necessary  to  deteraiae  the  special 
feature/peculiarities  of  flight  operations  of  this  type  of  engine  and 
its  shortcomings  and  to  nark  the  ways  of  their  eliaination.  These 
positions  and  reguireaents  predetermined  the  need  of  conducting  the 
flight  tests  of  all  newly  created  engines  and  their  aodif ications. 

Each  type  of  flight  vehicle  has  the  deterained  ultimate  purpose 
and  therefore  the  established/installed  on  it  engines  aust  possess 


i 
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the  necessary  for  these  conditions  performing  characteristics.  In 
connection  with  this  the  volume*  probleas  and  the  methods  of 
conducting  the  flight  tests  are  different  depending  on  the  type  of 
engine  and  designs t ion/ pur pose  of  aircraft. 


When  one  engine  is  establish/installed  to  different  aircraft* 
its  work  is  checked  on  each  aircraft  type.  The  need  for  this  testing 
is  caused  by  the  facts  that  aircraft  which  have  different 
desigoation/purpose,  are  utilized  under  dissimilar  -flight  conditions* 
and  also  have*  as  a rule,  the  different  dtosign  shaping  of  power 
plants*  including  of  inlet  ducts  and  gas-bleeding  tubes*  which  exerts 
a substantial  influence  on  the  engine  operation. 


Hhen  conducting  of  flight  tests*  they  iapose  heavy  da  sands  on 
the  accuracy/precision  of  the  measured  parameters.  Since  flight 
experiment  is  very  being  expensive*  it  is  desirable  time  of  its 
conducting  to  reduce  to  the  minimum*  without  harm  for  the  guality  of  t 

testing.  The  majority  of  the  measured  parameters  is  recorded  by 
special  chart  recorders. 


la  present  chapter  is  given  only  the  most  general  information 
about  the  flight  tests  of  engines. 

Page  199. 
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1.  Aircraft  for  conducting  the  flight  tests. 


Flight  tests  of  VRD  are  conducted  either  directly  on  the 
aircraft  for  which  it  is  intended  or  on  special  aircraft  - flying 
laboratories. 


The  prinary  flight  tests  of  the  newly  created  engine  on 
experimental  aircraft  in  nary  instances  are  con jugate/coab ined  with 
great  difficulties  and  risk. 


The  in-flight  studies  of  engine  to  a considerable  degree  are 
siaplified  during  the  application/use  of  the  special  flying 
laboratories,  created  on  the  base  of  series  of  aircraft.  Experiaental 
engine  is  establish/installed  in  the  fuselage  cf  flying  laboratory  or 
they  hang  in  special  nacelle  under  wing  or  fuselage.  Sonet iaes 
experiaental  engine  is  establish/installed  above  the  fuselage  or  in 
the  tail  of  aircraft.  The  layout  of  all  cell/elenents  of  power  plant 
on  flying  laboratory  aust  aaxiaally  approach  a layout  of  the  power 
plant  of  the  experiaental  aircraft  for  which  is  intended  the  engine 
being  investigated.  This  allows  along  with  the  flight  tests  of 
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ezperiaental  engine  to  produce  detailed  investigations  and  the 
finishing  of  assenblies  and  separate  systeas  of  the  power  plant  of 
ezperiaental  aircraft. 

Vig.  145,  shows  the  geaeral  view  of  the  flying  laboratory, 
equipped  oa  the  base  of  production  aircraft  for  testing  saall  jet 
engine.  Ezperiaental  engine  is  snspend/hung  froa  pylon  under  the 
right  wing  of  aircraft,  under  left  wing  ia  fastened  the  fuel  tanh, 
which  has  the  configuration  of  the  power  plant  of  ezperiaental 
engine. 

•he  scheaatic  of  the  unit  of  raajet  engine  on  aircraft  for 
subsonic  flight  tests  is  given  in  Fig.  146. 
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Fig.  145.  Flying  laboratory. 

Page  200. 

Engine  is  arrange/located  above  the  fuselage  of  aircraft  in  such  a 
eay  that  its  axle/azis  is  parallel  to  the  longitudinal  axis  of 
aircraft,  when  the  engine  being  investigated  is  hung  under  fuselage* 
is  provided  for  the  possibility  of  its  conplete  or  partial  retraction 
into  the  cargo  hold  of  fuselage  during  taxiings,  takeoffs  and 
landings.  Furtheraore*  in  flying  laboratory  are  establish/installed 
the  devices,  vith  the  aid  of  which  experimental  engine  can  be 
discarded  in  the  case  of  emergency.  The  power  plant  of  aircraft 
egnips  with  special  fire  prevention  systea. 
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During  the  conversion  of  production  aircraft  under  flying 
laboratory  froa  it,  is  reaove/taken  all  the  equipaent,  unnecessary 
daring  in-flight  studies.  This  decreases  the  weight  of  aircraft  and 
Bakes  it  possible  to  create  the  conditions,  convenient  for  the  crew 
activity  and  arran geaent/perautation  of  research  equipaent. 

Tests  on  flying  laboratory  Bake  it  possible  to  solve  a whole 
series  of  questions  on  the  in-flight  study  of  experiaental  engine 
naaely: 

1)  to  deteraine  the  altitude-speed  engine  characteristics  under 
basic  conditions  of  its  work; 

2)  to  deteraine  the  reserve  of  the  stability  of  engine  under 
higfe-altitude  conditions; 

3)  to  deteraine  teaperature  fields  in  the  different  cross 
sectipns  of  the  gas  circuit  of  engine; 

4)  to  test  the  engine  operatiop  and  to  conduct  the  evaluation  of 
its  paraaeters  on  establish/installed  and  transient  conditions; 
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5)  to  estiaate  control  characteristics  and  the 
houndary/interfaces  of  the  launch  opportunity  of  engine  under 
high-altitude  and  high-speed/velocity  conditions; 


6)  to  deteraine  ainiaua  stable  operations  and  to  test  idling  at 


different  height/altitudes 
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Pig.  146.  Scheaatic  of  the  unit  of  ran  jet  engine  on  aircraft.  1 - 
panel  of  neasuring  aeters,  2 - aeasuring  tubes,  3 - coapressed-air 
bottles,  4 - bottle  with  fuel/propellant,  5 - reducer,  6 - 
experimental  engine,  7,  8 - front/leading  and  rear  supports. 

Page  201. 

f 

7)  to  define  accelerating  of  engine  and  its  wort  with  sharp 
throttling/choking  under  waried  conditions  of  flight; 

8)  to  test  starting/launching  and  operational  stability  of 
afterburner  and  to  deter nine  the  paraneters  of  engine  at  working 
afterburner; 
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9)  to  estiaate  losses  of  pressure  and  to  determine  the  effect  of 
the  input  and  output  devices  of  power  plant  on  the  engine  operation; 

JO)  to  estiaate  work  of  the  control  6ystens,  lubrication,  engine 
cooling  in  different  node/conditions; 

i 

11)  to  deteraine  vibration  overloads  in  different  engine  power 
eatings. 

Since  flying  laboratories  are  created  on  the  base  of  aultiengine 
aircraft,  it  is  represented  possible  of  the  engine  characteristic  to 
reaove/take  with  each  aode/conditions  at  several  given  speeds  and 
flight  altitudes. 

Bxperiaeatal  engine  is  created,  as  a rule,  for  new  aircraft  with 
higher  flight  characteristics,  than  in  series,  equipped  with  flying 
laboratory;  therefore  the  study  of  new  engine  on  flying  laboratory  in 
a nuafcer  of  cases  proves  to  be  liaited  on  height/altitude,  and 
especially  on  flight  speed. 

Purthernore,  the  thrust  and  discharge  characteristics,  obtained 
on  fifing  laboratory,  usually  differ  soaewhat  froa  the 
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characteristics  of  the  power  plant  of  basic  aircraft,  which  is 
explained,  in  the  first  place,  the  diference  in  the  construction  of 
input  device  and  exhaust  systen. 

Of  that  which  was  presented  it  above  follows  that  the  in-flight 
studies  of  experiaental  engine  on  flying  laboratory,  as  thoroughly 
aqd  widely  they  had  not  carried  out,  they  cannot  eliminate  further 
flight  tests  and  finishing  on  the  basic  aircraft  for  which  the  engine 
is  designed. 

For  the  tests  of  the  individual  types  engines,  in  particular 
FVRD,  intended  for  unit  on  guided  aissile,  utilize  the  pilotless 
flying  laboratories.  Such  laboratories  are  created  oa  the  base  of  the 
series  or  specially  created  unaanned  vehicles,  equipped  with  the 
necessary  aeasuring  and  radio- transnit ter  equipaent.  • 

Flight  tests  in  pilotless  laboratories  are  carried  out  on  the 
deterained  routes  of  the  proving  grounds  along  which  are  placed  the 
stations  of  observation,  aaking  it  possible  to  follow  the  flight  of 
uqaanaed  vehicle  and  to  accept  transaitted  aeasurenent  data  with  the 
aid  of  telenetering  systea. 

Pa<je 

2.  Measure aents  when  conducting  of  flight  tests. 


■ 


DOC  « 77233215 


V77 

PAGE  ~4J 


When  conducting  of  the  flight  tests  of  engines,  nust  be  measured 
all  parameters,  which  characterize  its  work.  The  standard  scheaatic 
of  the  aeasurenents  of  the  different  parameters  of  TRD  through  the 
gas~a|r  duct  is  represented  in  Fig.  147.  A quantity  of  measured 
parameters  is  determined  by  test  program  and  must  ensure  obtaining 
the  necessary  engine  characteristics.  Entire/all  metering  equipment 
must  be  calibrated  and  provide  the  necessary  accuracy/prec ision  and 
the  speed  of  measurements. 

The  most  important  parameters,  which  affect  the  operation  of 
engine  and  the  flight  characteristics  of  aircraft,  are  barometric 
pressure  and  the  temperature  of  air.  These  parameters  can  to  a 
considerable  degree  be  changed  at  constant  altitude  of  flight,  and 
because  of  this  the  characteristics  of  aircraft  and  engine  for 
assigned  altitude  will  be  different. 

In  connection  with  the  fact  that  altitude,  i.e.,  vertical 
distance  of  the  earth/ground,  is  not  determined  directly  the 
characteristics  of  aircraft,  it  is  accepted  to  determine  flight 
altitede  according  to  the  value  of  barometric  pressure  and  the  data 
of  international  standard  atnosph.  Thus,  the  determination  of  flight 
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altitude  is  reduced  to  the  aeasureaent  of  baroaetric  pressure. 


W) r the  siault^ne^>us  aeasureaent  of  height/altitude  and  flight 
speedy  is  utilized  PST  (air-pressure  head)  whose  scheaatic  together 
with  by  speed  indicator  and  by  altiaeter  is  given  in  Fig.  148. 
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Fig.  147.  Scheaatic  of  preparation  of  TBD.  p*,,  p*2«  p**»  P*s#  T*2# 

T*  4 are  the  total  pressures  and  the  teaperatures  of  stagnation,  p, , 
p2,  p»  - static  pressures. 

Page  203. 

?VD 

W cpnsists  of  the  static  pressure  tube  6 and  of  total  pressure  tube 
5^  Static- pressure  tube  is  connected  with  the  chaaber  of  the  static 
pressure  of  2 speed  indicators  and  the  cheaber  of  the  static  pressure 
of  3 altiaeters.  the  chaaber  of  total  pressure  1 is  connected  with 
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total  pressure  tube  5. 

Chaabers  1 and  2 speed  indicators  are  divided  by 
diaphraga/aeabrane.  Pressure  difference  ia  chaabers  1 and  2 is  led  to 
the  sagging/deflection  of  the  diaphraga/aeabrane  which  is  connected 
with  the  arrov/pointer  of  speed  indicator  or  with  the  recording 
eleneet  of  the  chart  recorder  of  velocity  (speed  recorder)  . 

In  the  cavity  of  4 altitude  indicators,  is  created  t&e  vacuus 
and  therefore  the  defornation  of  diaphraga/aeabrane  under  the  action 
of  pressure  difference  in  cavities  4 and  3 will  be  proportional  to  ® 

static  pressure.  The  diaphraga/aeabrane  of  altitude  indicator  is 
connected  with  the  arrov/pointer  of  altiaeter  or  with  the  chart 
recorder  of  height/altitude  (by  barograph)  . 


For  readings,  are  introduced  the  aerodynaaic  corrections.  Tool 
bouses  of  aerodynaaic  correction  find  through  the  calibration  graphs, 
constructed  according  to  the  results  of  special  calibration  flight  at 
several  velocities  and  height/altitudes.  Aerodynaaic  corrections  to 
speed  indicator  and  altiaeter  are  unaabiguously  connected  and 
therefore  in  flight  is  deterained  only  one  of  these  corrections,  and 
another  is  calculated. 

The  graduation  of  speed  indicator  is  produced  in  the  value  of 
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air  density  under  terrestrial  conditions  (on  international  standard 
atmosph)  and  therefore  that  which  was  neasured  by  instrunent  velocity 
taking  into  account  instrument/tool  and  aerodynanic  corrections  is 
called  terrestrial  equivalent  airspeed  c<3. 


According  to  value  of  terrestrial  equivalent  airspeed* 
height/altitude  and  Hach  nuaber  of  fliqht  according  to  special 
sonograms*  is  determined  the  compressibility  correction  Then  is 

determined  equivalent  airspeed 

+ (154) 


For  determining  true  flight  speed*  is  produced  the  conversion 
for  actual  air  density: 


(155) 


where  A - relative  density  of  air  pw/p0;  Po  ~ «ir  density  seder 
normal  conditions  (with  p0  * 760  mm  Kg  and  t0  = ♦ 1 5°C)  ; pw  is  *n 
actual  air  density  at  given  height/altitude. 
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Pig.  348.  Circuit  of  the  aeasureaent  of  height/altitude  aad  flight 
speed.  1 - the  chaaber  of  the  total  pressure  of  speed  indicator,  2 - 
the  chaaber  of  the  static  pressure  of  speed  indicator,  3 - the 
chaaber  of  the  static  pressure  of  altiaeter,  4 - vacuus  chaaber  of 
altiaeter,  5 - total  pressure  tube,  6 - static  pressure  tube. 


Page  204. 

ftlong  with  speed  indicators  in  aircraft,  are  place  de viced  for 
the  aeasureaent  directly  of  flach  nuaber  of  flight.  As  is  known,  flach 
nuaber  is  deterained  by  the  relation  of  coaplete  and  static 
pressures.  This  dependence  is  used  in  the  indicator  of  flach  nuaber. 
lb  instruaent  the  displaceaent  of  the  diaphraga/aeabrane  of  coaplete 
pressure  is  connected  with  the  displaceaent  of  the  diaphraga/aeabrane 
of  static  pressure  so  that  the  rif leaan/gunner  of  instruaent  shows 
flach  anaber  of  flight.  In  instruaent  is  provided  for  the 
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therao-aetallic  branching/fork,  which  ensures  the  teaperature 
compensation  for  both  diaphraga/aeabranes* 

t or  the  aeasureaent  of  the  teaperature  of  surrounding  air,  are 
utililcd  the  thermoelectric  thermometers  (thermocouples)  and 
electrical  resistance  theraoaeters. 

Vhe  aeasureaent  of  the  teaperature  of  surrounding  air  on 
aircraft  is  analogous  with  the  aeasureaent  of  the  temperature  of 
flows*.  The  teaperature  of  surrounding  air  is  measured  by 
guick~sett ing  instruaents,  moreover  aust  be  correctly  selected  the 
site  of  installation  of  sensor  on  aircraft. 

The  teaperature  of  surrounding  air  is  deterained  froa  the 
forauia 

TH=T].u-lT,  (156) 

where  T"„u  is  the  measured  teaperature  of  stagnation;  AT  - correction 
to  medleys  of  theraoaeter  for  air  diffusion. 

Correction  for  braking  AX  caa  be  deterained  by  the  foraala 

Ar=0.2rM*.  (157) 


The  total  treasures  is  the  differ  eft  cross  sections  of  the 
gas— air  duct  is  aeasared  with  the  aid  of  the  coabs  of  pressure. 
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The  aeasurenent  ct  nuafcer  of  revolutions  with  the  aid  of 
aircraft  tachoaeters  does  not  provide  the  necessary 
accuracy/precision  and  they  are  applied  only  for  deteraining 
aode/conditions.  During  in-flight  studies  are  utilized  bench 
tachoaeters  of  the  increased  accuracy/ precision*  During  the  study  of 
transient  conditions*  are  utilized  self-recorders*  ahich  sake  it 

possible  to  produce  the  continuous  recording  of  nuaber  of 

* 

revolutioas. 

The  fuel  coasuaption  in  flight  can  be  deterained  with  sufficient 
accuracy/precision  with  the  aid  of  voluaetric  flow  aeter  with 
fixation  of  readings  by  chart  recorder. 

Sensing  eleaent  of  this  flow  aeter*  scheaatically  depicted  09 
rig.  .1*9*  is  revolving  door  1*  placed  into  propellant  streaa. 
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Fig.  Jh9.  Pickup  circuit  of  flow  aeter.  1 - revolving  door,  2 - field 
coil. 

! 

Page  205. 

Tke  rate  of  the  rotation  of  the  revolving  door  of  flow  aeter  directly 
proportional  to  the  speed  of  the  passing  through  it  fuel/propellant, 
and  the  total  nunber  of  revolutions  of  revolviag  door  in  the 
determined  tiae  interval  will  characterize  by  itself  voluaetric  total 
propellant  construction. 

within  revolving  door  is  placed  the  peraanent  aagnet,  and  above 
it  is  installed  field  coil.  During  the  rotation  of  revolving  door  in 
field  coil,  is  generated  the  electric  current  with  freguency, 
proportional  to  rate  of  the  rotation  of  revolving  door.  This  flow 
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aeter  provides  accuracy  of  the  leasureneat  of  the  fuel  consuaption  in 
volunetric  units  >0. 5o/o.  Actual  voluaetric  flow  rate  is  deter  ained 

froa  the  foraala 


V/=-5-x'3600  + aK  (158) 

T 

where  n is  a nuaber  of  aoaentua/iapulse/pulses  on  recorder  tape  for 
tine  r s;  v - the  voluae,  which  corresponds  to  one 
aoaentua/iapulse/pulse;  AV  - the  calibration  correction  of  flow 
aeter. 


For  the  aeasureaent  of  the  fuel  consuaption,  are  applied  also 
the  flow  aeters,  which  give  readings  in  per  unit  weight.  For  the 
target/purpose  of  the  autoaatic  introduction  of  correction  for 
specific  gravity  of  fuel  to  the  construction  of  such  flow  aeters, 
they  connect  the  float  densiaeter,  connected  with  potentioneter. 
Depending  on  the  value  of  loading  of  float,  changes  the  resistance  of 
potentioneter,  proportional  to  specific  gravity  of  fuel. 

Ihen  flight  test  prograa  dees  not  require  special  deteraining  of 
the  discharge  characteristics  of  engine,  the  fuel  consuaption  can  be 
deterained  according  to  the  value  of  the  pressure  of  fuel/propellant. 
For  this,  on  those  who  were  reaoved  previously  bench  characteristics 
is  constructed  the  dependence  of  consuaption  on  pressure  before 
injectors.  According  to  this  dependence  is  deterained  approxiaate 
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value  of  the  fuel  consuaption  in  flight. 

The  thrust/rod,  which  is  basic  index  of  TED,  can  be  determined 
either  by  direct  aeasureaent  or  indirectly.  In  the  first  case  the 
thrust/rod  of  TED  is  deterained  with  the  aid  of  dynamometer.  For 
this,  the  engine  being  investigated  is  cstablish/installed  in  nacelle 
in  binged  truss.  The  longitudinal  travel  of  fara/truss  from  the 
forces,  which  effect  on  entire  unit  in  flight,  limit  by  the  spring  of 
dynamometer. 

Under  conditions  of  flight,  the  dynamometer  records  the  sun  of 
three  forces  - the  engine  thrust  without  taking  into  account  of 
external  resistance,  the  aerodynamic  pod  drag  of  engine  and  the 
longitudinal  component  of  the  weight  of  engine  plant.  During  the 
study  of  engine  in  the  final  of  count,  must  be  determined  the  engine 
thrust  without  taking  into  account  of  resistance  and  coaponent/tera 
than  the  weight.  In  this  case,  it  is  conditionally  accepted  that 
aerodynamic  drag  with  power-on  will  be  equal  to  external  pod  drag 
with  the  shut-down  engine  and  closed  intake  and  outlet  ducts. 

Page  206. 

External  pod  drag  with  the  shut-down  engine  is  deterained  in  special 
flight;  according  to  the  data  of  this  flight,  they  calculate  aico  the 
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drag  coefficient  of  nacelle  cx.  The  longitudinal  weight  coaponent 
engine  plant  appears  as  a resalt  of  the  presence  of  angle  0 between 
the  axle/axis  of  engine  and  the  line  of  horizon.  Angle  6 is  neasured 
in  flight  on  special  instrument. 

The  engine  thrust  is  deternined  froa  the  formula 

+ y (159) 

where  /?  is  the  neasured  thrust/rod;  0,  is  weight  of  engine 
plant*  S„  is  a cross-sectional  area  of  the  aidsection  of  engine 
nacelle. 

In  connection  with  the  complexity  of  the  direct  aeasureaent  of 
the  thrust/rod  of  TBD  in  flight  in  a number  of  cases  the  engine 
thrust  is  determined  indirectly.  Hith  sufficiently  high  degree  of 
accuracy,  the  engine  thrust  can  be  determined  by  the  gas-dynamic 
method,  described  in  chapter  7. 

the  air  flow  rate  through  the  engine  can  he  determined  several 
methods,  most  widely  used  is  the  method  of  determining  the  air  flow 
rate  froa  the  aeasureaent  of  velocity  head  and  static  air  pressure 
with  the  aid  of  the  receivers  of  speed,  establish/installed  in  the 
inlet  duct  of  engine.  In  this  case,  one  should  consider  that  at  the 
engine  inlet  appears  certain  nonunifornit y of  velocity  fields,  which 
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can  lead  to  inaccuracy  in  the  determination  of  the  air  flow  rate.  For 
obtaining  sufficiently  accurate  results*  it  is  necessary  to 
estabiish/install  in  inlet  duct  several  coabs.  This  nates  it  possible 
to  consider  the  character  of  velocity  fields  both  by  the 
height/altitude  of  channel  and  by  circuaf erence. 

the  stagnation  inlet  teaperature  into  engine*  necessary  for 
deteraining  the  air  flow  rate*  is  accepted  equal  to  the  teaperature 
of  stagnation  of  the  incident  flow.  This  aethod  of  the  measurement  of 
the  air  flow  rate  is  aore  convenient  during  the  testing  TBD  with 
axial~flow  compressor. 


3.  Procedure  of  the  flight  tests  of  turbojet  engines. 


Test  prograas. 


During*  is  determined  the  series  of  question  being  investigated* 
they  sark  out  the  scheaatic  of  aeasureaents  and  is  selected  aetering 
equipaent.  By  flight  test  prograa  is  establish/  lost  ml  led  a quantity 
aad  deration  of  flight  and  the  desigaatioa/purpose  of  each  of  then, 
according  to  each  flight  ace  determined  the  operating  altitudes*  the 
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speeds  and  engine  power  ratings,  and  also  the  tine  of  the  delay  of 
aircraft  and  engine  under  the  conditions  before  beginning  of 

aeaeuxeaeat. 

Page  207. 

la  prograa  is  specified  the  permissible  accuracy/precision  of  the 
altitude  hold  and  flight  speed,  engine  power  ratings  and  a guantity 
of  repeated  neasurenents  under  conditions.  Depending  on  the 
target /pur poses  of  testing  and  characteristic  features  of  engines, 
the  voluae  and  the  content  of  prograas  can  be  different. 

Daring  testing  of  experiaental  engine,  it  is  necessary  to 
deteraine  its  characteristics,  to  reveal  perforaing  characteristics 
aad  defects  and  to  aarh  the  ways  of  further  iaproveaent.  For  this,  in 
the  flight  test  prograa  of  experiaental  t>D,  they  include: 

J)  the  ground  tests  of  engine  in  aircraft  layout  for  testing  of 
its  wprk  and  deter ainat ion  of  the  effect  of  aircraft  devices  on  the 
paraaeters  of  engine; 

2)  control  flight  in  the  zone  of  airfield  for  the  functional 
check  of  engine  and  aircraft  (according  to  the  results  of  flight  is 
produced  the  aecessary  read  jus taeat  of  engine  accessories)  ; 
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3)  parameter  deter aination  of  engine  in  triaaed/stead y-state  in 
all  the  range  of  operating  altitudes  and  flight  speeds fjjk)  testing 
the  stability  of  the  operation  and  the  deteraination  of  the  aargin 
with  respect  to  the  given  nuaber  of  revolutions  (for  achieveaent  of 
the  aaxiaua  given  revolutions  testing  is  produced  under  the 
conditions  of  the  cliab  at  ainiaaa  speed  of  flight); 

5)  the  functional  check  of  engine  under  conditions  of 
acceleration/dispersal  and  thcottling/choking  on  different 
height/altitudes  and  flight  speeds; 

6)  the  deteraination  of  the  bcundary/interface  of  reliable 
starting; 

7)  the  functional  check  and  paraaeters  of  engine  on  reheat 
regiaes,  the  deteraination  of  the  range  of  the  reliable 
starting/launching  of  afterburner; 

8)  the  evaluation  of  the  effect  of  aircraft  inlet  duct  on  the 
paraaeters  and  the  stability  of  the  operation  under  flight 
coadiftioas; 
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9)  the  functional  check  of  the  control  systea  of  engine  and 
accomplishing  the  taken  law  of  control  during  change  in  altitude  and 
flight  speed,  engine  power  rating  and  ataospheric  conditions; 

10)  the  deter aination  of  ainiaua  stable  operations  at  different 
height/alt it  udes; 

11)  the  functional  check  of  engine  during  the  evolutions  of 
aircraft. 

■ hen  conducting  of  flight  tests,  it  is  desirable  as  far  as 
possible  to  coabine  assignments  for  obtaining  a aaxinun  quantity  of 
experiaental  materials  in  each  flight. 


Training/preparation  for  tests. 


On  the  basis  of  flight  test  program,  they  select  and  prepare 
entering  equipment,  in  aircraft  is  establish/installed  the  necessary 
quantity  of  visual  and  recording  instrunents  of  necessary 
accuracy /precision,  the  indicators  of  visual  instruments 
derive/concluding  to  iastrusent  panel  in  the  catia/conpartaent  of 
flight  engineer,  and  also  to  the  special  instruaent  panels. 


■■■nan 
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establish/ installed  in  the  sections  of  fuselage. 

Page  208. 

The  established/installed  on  aircraft  additional  instruseat  panels  <? 

they  photograph  by  special  caseras  with  reaote  control  (Pig.  150). 


Before  each  sortie  and  power  plant  they  will  thoroughly  inspect 
and  check  the  engine  operation  under  terrestrial  conditions.  With 
inspection  is  checked:  the  soundness  of  the  places  of  engine  nount; 
the  correctness  of  the  installation  of  fuel  and  oil  3ysteas,  'i 

electrical  equipaent,  control;  the  airtightness  of  the  connections  of 
elements  of  engine  gas-air  channel  with  the  input  and  output  devices 
of  poaer  plant,  etc.  After  inspection  is  checked  the  engine 
operation:  is  checked  the  reliability  of  the  operation  of  all  systeas 
and  engine  accessories,  establish/installed  on  aircraft,  and  also  are 
checked  starting/launching  and  the  engine  operation  on  basic  u 

establish/installed  and  transient  conditions  in  aircraft  layout.  The 
starting/launching,  the  activation  of  the  aotor  and  work  under 
conditions  are  produced  in  accordance  with  operating  instructions. 

•he  basic  parameters,  which  characterize  work  of  TRD  during 
ground  checks  are  nuaber  of  revolutions*  the  pressure  of  8 « 

fuel/propellant  and  oil#  the  teaperature  of  gases  behind  turbine. 
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starting  duration  and  acceleration  tine.  Che  indicated  parameters 
aust  Correspond  to  data  given  in  operating  instructions  of  engine.  If 
necessary,  after  engine  check  under  terrestrial  conditions,  one 
should  readjust  separate  asseablies. 

According  to  the  results  of  ground  tests,  is  estiaated  work  of 
all  systeas  of  power  plant  in  aircraft  layout,  and  also  is  deterained 
the  effect  of  intake  and  output  aircraft  channels  on  thrust/rod  and 
fuel  consumption  by  aeans  of  the  comparison  of  findings  with  the 
results  of  plant  bench  tests.  These  tests  they  allow,  furthernore,  to 
estiaate  temperature  conditions  at  different  points  of  the  space  of 
power  plant  under  the  cowl  and  to  establish/install  the  admissibility 
of  work  of  assemblies  at  given  temperature.  During  obtaining  of 
satisfactory  results,  is  given  clearance  for  takeoff  of  aircraft. 


2 


Pig.  450.  Schematic  of  the  photographing  of  instruments.  1 - camera, 
2 - dial  light. 
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Functional  check  of  engine  on  steady-state. 

t 

Page  209. 

TBD  are  tested  in  trinaed/steady-state  for  the  tar get /pur pose  of 
the  deternination  of  the  basic  paraaetecs  and  operational  stability 
of  engine  on  height/altitude  and  at  flight  speed  at  different  nuabers 
of  revolutions.  According  to  the  results  of  these  tests,  are 
constructed  the  altitude-speed  engine  characteristics. 

The  engine  characteristics  are  reaove/taken  with  a series  of 
height/altitudes  (for  exaaple,  through  20  0 0 a)  froa  the  earth/ground 
to  the  ceiling  of  aircraft.  At  each  height/altitude  are  produced  the  9 

aeasurenents  on  5-7  nuabers  of  revolutions  at  3-5  values  of  flight 
speed.  During  these  tests  aeasure:  height/altitude  and  flight  speed, 
the  teaperature  of  surrounding  air,  nun  her  of  revolutions,  the  fuel 
consuaption,  the  flow  rate  of  air,  the  total  pressure  before  the 
coapressor,  the  pressure  and  teaperatnre  after  coapressor,  pressure 
and  the  teaperature  of  gases  behind  turbine,  the  pressure  of  9 
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fuel/propellagt , the  teaperature  of  oil,  the  position  of  control 
lever. 


If  in  the  process  of  tests  directly  was  not  aeasured  the  engine 
thrust,  then  it  they  deternine  in  all  aqde/condit ions  by  gas-dynaaic 
aethod.  After  this  are  constructed  the  graph/diagraas  of  the 
dependence  of  thrust/rod,  consuaption  of  fuel/propellant,  cons unpt ion 
of  ait,  pressures  and  teaperatures  through  channel  froa  the  engine 
speed  for  base  altitudes  and  flight  speeds. 

In  the  course  of  flight  tests  on  the  study  of  engine  in 
triaaed/steady-state,  is  checked  also  acrk  of  control  systea.  Under 
operating  conditions,  aust  be  provided  the  established/installed  law 
of  the  control  of  engine,  i.e. , be  age/held  regiae  (physical  or 
given)  nunbers  of  revolutions,  and  the  assigned  paraaeters:  the 
consuaption  of  fuel,  the  angles  of  the  unit  of  adjustable  coapressor 
stators,  the  position  of  the  shutter/doers  of  jet  nozzle,  etc. 

Each  obtained  the  flight  test  data  data  coapare  with  those  who 
were  declared  and  if  necessary  are  taken  aeasures  for  an  iaproveaent 
ia  aork  of  control  systea. 


testing  the  gas-dynaaic  stability  of  engine 
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Unstable  operation  of  turbojet  engine  is  developed  when  working 
line  on  the  character istic  of  coapressor  intersects  with  separation 
boundary  (surge).  !}  |j 


Under  flight  conditions  unstable  operation  of  engine  is 
developed  in  the  fora  of  the  sharp  knocks*  which  are  accoapanied  in 
certain  cases  by  the  spontaneous  engine  shutdown.  Unstable  operation 
of  TRD  can  occur  both  in  those  who  were  establish/installing  and  in 
transient  conditions  with  a sharp  increase  in  the  auaber  of 
revolutions. 


On  triaaed/steady-state  unstable  operation  of  engine  in  flight 
appears  on  the  large  given  revolutions,  i.e.,  under  the  conditions  of 
aaxiame  tpa  at  the  low  tenperatures  of  surrounding  air. 

Page  210. 

These  conditions  aost  frequently  are  observed  in  flights  at  high 
altitudes  at  low  speed.  Unstable  operatioa  of  engine  on 
triaaed/steady-state  can  be  also  ia  work  wader  terrestrial  conditions 
or  aiaiaua  auaber  of  revolutions  and  the  high  teaperatures  of 


( 
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surrounding  air. 


On  transient  conditions  unstable  operation  can  be  revealed 
during  different  displacement  of  throttle  control,  i. e. , with  a sharp 
increase  in  the  fuel  consuaption.  In  this  case  an  increase  in  the 
eqgine  speed  occurs  not  on  operational  working  line,  but  on  curved, 
closer  to  separation  boundary.  The  character  of  this  curve  depends  on 
the  characteristics  of  conpressor,  turbine  and  fuel  regulating 
eguipaent. 

i 

Plight  tests  oa  testing  of  the  stability  of  the  operation  are 
conducted  under  the  conditions  of  the  clinb  on  aaxinun  rpa  at  the 
saallest  possible  flight  speed.  Since  work  under  aaxinua  conditions 
usually  is  liaited  on  tiae,  the  cliab  is  produced  for  a period  of 
tiae,  establish/installed  for  the  use  of  this  aode/conditions.  Then 
they  decrease  the  nuaber  of  revolutions  and  is  shifted  aircraft  into 
level  flight,  iftar  engine  cooling,  is  continued  the  cliab  under 
aaxiaua  conditions.  In  these  tests  are  neasured  the  height/altitude 
and  the  flight  speed,  the  teaperature  of  surrounding  air,  the  nuaber 
of  revolutions,  the  compressor  discharge  pressure  and  the  teaperature 
of  gases  behind  turbine. 

lir  pressure  after  conpressor  aust  be  aeasured  with  sensitive 
pressure  recorder  oa  recording  of  which  it  is  possible  to  deternine 
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presence  and  character  of  fluctuations  cf  air  pressure.  The 
aeasurenent  of  all  paraaeters  are  produced  through  each  500-1000  a. 
During  the  appearance  of  sign/criteria  of  surge,  the  pilot  includes 
chart  recorders  and  slowly  is  decreased  nuioer  of  revolutions. 


Tests  to  evaluate  teaperature  conditions  in  jet  nozzle. 


During  operation  of  THD,  especially  attentively  one  should 
contrpl  teaperature  of  engine  operating  node.  The  excess  of  the 
peraissible  temperatures  of  gases  can  lead  to  eaergency.  Therefore 
during  the  in-flight  studies  of  new  engine,  aust  be  carried  out  the 
sufficiently  coaplete  and  reliable  evaluation  of  teaperature 
conditions  and  is  reexaained,  if  it  is  necessary,  the  liaiting  value 
of  the  teaperature  of  gases,  establish/installed  on  the  basis  of 
calculation  data  and  results  of  bench  tests. 

The  paraaeter,  which  characterizes  teaperature  conditions  of 
TBD,  is  the  teaperature  of  the  gases  before  turbine  T*3.  However,  in 
connection  with  the  high  absolute  values  its  and  large  nonunif oraity 
of  the  teaperature  field  before  the  turbine,  to  measure  T*3  is 
sufficiently  difficult,  and  therefore  in  the  najority  of  cases 
teaperature  engine  operating  node  is  estinated  according  to  the 
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teaperature  of  gases  in  jet  nozzle. 

Page  211. 

The  teaperature  of  gases  in  jet  nozzle  of  TBD  is  changed  with  a 
change  in  the  aode/conditions  of  work  and  flight  conditions.  To  its 
value  has  effect  of  the  characteristic  qf  inlet  ducts  and 
ga s~ bleeding  tubes  of  power  plant.  Since  teaperature  field  in  jet 
nozzle  is  also  uneven,  readings  of  control  theraocouples  depend  on 
the  place  of  their  unit,  lith  a change  in  the  flight  conditions  and 
engine  power  rating,  can  be  changed  the  distribution  of  teaperatures 
over  cross  section.  All  this  leads  to  the  fact  that  the  teaperature 
of  gases  in  jet  nozzle,  aeasured  by  control  theraocouples,  can  only 
approziaately  characterize  the  teaperature  state  of  engine. 

Tests  of  T8D  to  evaluate  the  teaperatures  of  gases  in  jet  nozzle 
aake  it  possible  to  test  that  are  not  exceeded  the  Halting  values  of 
teaperature,  and  to  deter aine  the  character  of  its  distribution  over 
the  cross  section  of  jet  nozzle  under  varied  conditions  of  flight.  If 
necessary  according  to  the  flight  test  data  correcting  the  liaiting 
value  of  teaperature. 

For  deteraining  the  character  of  teaperature  field  behind 
turbine  or  in  the  gas-bleeding  tube  they  establish/install  several 


tenpecature  coabs,  connected  with  chart  recorders.  Measure  aents  by 
coabs  aake  simultaneously  with  the  aeasureaent  of  tenpecature  with 
control  theraocouples  installed  in  standard  places. 

For  the  correct  evaluation  of  teaperature  engine  operating  node, 
iaportant  value  has  accuracy/precision  of  the  aeasureaent  of  nuabers 
of  revolutions  which  direct-connected  with  the  teaperature  of  gases 
in  jet  nozzle. 

Tests  according  to  the  evaluation  of  the  teaperature  of  gases 
begin  with  ground  check  of  the  teaperature  state  of  engine  in  all 
velocity  range.  Under  high-altitude  conditions  the  engine  is  checked 
on  nayinua  rpa  during  the  cliab  to  the  ceiling  of  aircraft. 

If  the  teaperature  of  gases  exceeds  at  certain  height/altitude 
the  allowed  value,  then  the  engine  speed  descends  to  obtaining  of  the 
assigned  teaperature.  The  evaluation  of  the  teaperature  state  of 
engine  is  produced  on  several  flights. 

Tests  regarding  teaperature  field  in  jet  nozzle  are  conducted  in 
level  flight  on  triaaed/steady-state  in  several  height/altitudes.  For 
obtaining  stable  data,  the  paraaeters  of  engine  are  aeasured  after  a 
3-  aiaute  delay  under  the  conditions. 


DOC  * 77233216  PAGE  -fr' 

Engine  tests  in  transient  conditions. 

To  ensure  the  noraal  operation  of  engine  on  transient  conditions 
is  sufficiently  difficult*  since  the  peraissifale  froa  stall 
conditions  in  coapressor  excess  of  the  fuel  consuaption  upon 
acceleration/dispersal  above  the  fuel  coqsuapticn  with 
triaaed/steady-state  is  decreased  with  an  increase  in  altitude  of 
flight.  Furtheraore*  during  an  abrupt  change  in  engine  power  rating 
is  feasible  under  soae  flight  conditions  flaaeout  in  coabustion  'i 

chaaber. 


Page  2 12. 

Under  conditions  of  acceleration/dispersal*  are  aeasured  the 
height/altitude  and  the  flight  speed*  the  teaperature  of  surrounding  I 

air*  the  nuaber  of  revolutions*  coaplete  discharge  pressure  of 
coapressor  and  turbine  the  teaperature  in  jet  nozzle  and  the  pressure 
of  fuel. 

ifork  on  the  study  of  engine  in  transient  conditions  begins  with 

\ 


testing  of  the  accelerating  of  engine  i*  aircraft  layout  under 


£0? 
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terrestrial  conditions.  Accelerating  is  checked  daring  the  slow  (in 
10-20  s)  and  sharp  (in  1-2  s)  displaceaeets  of  control  lever  froa  the 
position,  which  corresponds  to  idling,  before  aaxinua  revolutions. 
Upon  the  slow  giving  of  gas,  the  nueber  of  revolutions  aust  follow 
the  displaceaent  of  throttle  control.  Open  the  sharp  giving  of  gas 
transit  tiae  on  aaxinua  revolutions,  the  excess/throw/overshoot  of 
the  auaber  of  revolutions  and  teaperatore  of  gases  in  jet  nozxle  aust 
not  eaergo  the  noras,  establish/installed  by  technical 
specifications. 

Plight  tests  on  the  functional  check  of  engine  on  starting 
aode/conditions  are  conducted  into  all  altitude  range  froa  the 
earth/ground  to  the  service  ceiling  with  a slow  and  fast  increase  in 
the  neaber  of  revolutions.  The  accelerating  of  engine  checks  both  on 
hot,  i.e. , after  several  ainutes  of  work  under  aaxinua  conditions  and 
on  the  cooled  engine,  after  work  on  low  gas. 

During  testings  is  not  allow/assuaed  overspeeding  and 
teaperature  of  gases  higher  than  established/installed  liait.  With  a 
rapid  increase  in  the  engine  speed,  can  spontaneously  stop.  In  this 
case  it  is  necessary  by  stop-cock  to  overlap  fuel  feed,  then  to  blow 
engine  and  to  again  renew  starting/launching.  The  spontaneous  engine 
shutdown  can  occur  due  to  surge  in  cos pressor  or  flaseout  in 
cosbustion  chaaber.  The  reason  for  stop  can  be  deterained  by  means  of 
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the  analysis  of  the  results  of  the  neasureaent  of  a series  of  the 
paraaeters  in  the  process  of  acceleration/dispersal. 

A change  in  the  basic  paraaeters  of  engine  in  booster  duration 
they  record  with  the  aid  of  chart  recorders.  Booster  duration  is 
counted  off  fron  the  torque/aoaent  of  the  beginning  of  the  aoveaent 
of  control  lever  to  the  torque/aoaent  of  achieving  the  aaziaua 
revolutions.  Upon  the  sharp  giving  of  gas,  the  engine  anst  eaerge  to 
the  assigned  node/ conditions  without  fluctuations  of  the  nuaber  of 
revolutions. 

Besides  starting  characteristics,  by  flight  tests  is  checked  the 
engine  operation  with  sharp  throttling/choking,  i.e.,  during  the 
sharp  displaceaent  of  control  lever  froa  aaxiaua  rating  to  the 
position,  which  corresponds  to  idling.  Testing  is  produced  at 
different  flight  altitudes. 

Page  213. 

Sith  sharp  throttling/choking  the  engine  revolutions  aust  be 
lowered  froa  the  aaxiaua  to  the  ainiaua  tpr  the  tiae,  not  exceeding 
establish/installed  by  technical  specifications^  iith  the 
throttliag/choking  of  engine  aust  not  occur  the  flaaeout  la 
coabustion  chaaber. 


Tests  to  evaluate  starting. 


d 

■nder  terrestrial  conditions  the  acceleration  of  rotor  is 
produced  because  of  energy  of  starter*  while  under  conditions  of 
flight  - because  of  the  incident  airflow.  The  operating  node  during 
which  the  rotor  of  engine  is  rotated  bccaase  of  energy  of  the 
incident  flow*  he  is  called  autorotation  state.  Runber  of  revolutions 
under  the  conditions  of  autogyratiop  depends  on  flight  speed  and  I 

deternines  the  effectiveness  of  starting  under  flight  conditions. 

Before  testing  of  starting/launching  under  high-altitude 
conditions*  are  produced  the  adjustnent  of  ground-based  starting  in 
aircraft  layout  and  its  investigation  under  conditions  of 

autogyration.  For  obtaining  data  on  autarotation  state  at  several  s 

height/altitudes  at  different  flight  speeds,  is  neasured  the  engine 
speed  vith  the  inoperative  coabustion  chanber.  The  obtained  results 
are  utilised  for  the  preliainary  adjustnent  of  the  procedure  of 
high-altitnde  star ting/launching. 

Tests  on  evaluation  and  adjustnent  of  starting/launching  per fora  ) 
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in  all  range  of  height/altitedes  to  the  service  ceiling  at  several 
flight  speeds  in  range  fron  the  aininun  to  the  naxiaus  speed  of 
aircraft.  Engine  can  be  started  after  its  cooling  during 
approximately  10  a in.  m the  case  of  unsuccessful  starting/launching 
folloning  starting/launching  is  produced  not  immediately,  but  after 
several  ninutes  of  flight  in  order  to  remove  froa  engine  the  saved  in 

it  fuelypcopellant. 

During  tests  it  is  necessary  to  aaster  the  aost  effective 
procedure  of  starting/launching.  For  this  purpose  are  deternined 
optiaua  conditions  for  the  tine  of  beginning  and  duration  of  the 
inclusion  of  the  pressure  of  fuel/propellant  in  the  process  of 
starting/launching,  etc.  Entire  process  of  stacting/launch ing  is 
record/fixed  by  the  recording  eguipaent.  During  tests  aeasure  the 
follosing  paraaeters:  the  nuaber  of  revolutions  of  rotor,  the 
pressure  of  fuel/propellant,  air  pressure  after  coapressoc , the 
teapexature  of  gases  behind  turbine  and  tohe  temperature  of  V 

surrounding  air. 

j 

According  to  test  results,  are  deternined  the  range  of  reliable 
starting/lauaching  depending  on  height/altitudc  and  the  flight 
speeds.  In  connection  vith  the  fact  that  en  engine  starting  essential 

effect  has  the  teaperature  of  sarrouading  air,  testing  according  to  3 ; 

I 

the  evalaatioa  of  the  eff vctiveaess  of  startiag/launching  they  are 
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conducted  into  susaer  and  winter  tine. 


Study  of  engine  in  reheat  regiaes. 


In  the  process  of  flight  tests  of  T1D,  check  its  work  on  reheat 
regise.  This  testing  is  produced  for  the  study  of  the  parameters  of 
engine  is  the  establish/installed  reheat  regise,  and  also  at 
switching  on  and  disconnection  of  afterburner. 

Page  21*. 

Purtharaore,  these  tests  deteraine  the  eff ectivcaess  of  work  of 
afterburner  under  varied  conditions  of  flight,  are  reveal/detected 
the  boundary/interfaces  of  reliable  start ing/lauaching  and  check  its 
strength. 

Considerable  attention  during  tests  is  given  to  the 
investigation  of  the  autoaation,  work  superintendent  of  afterburner, 
since  the  tine  of  the  beginning  of  the  supply  of  booster 
feel/pr ope llaat,  ignition  and  discovery/opening  the  shutter/doors  of 
jet  nozsle  strictly  is  regulated.  The  disturbance  of  the 
established/ ins tailed  sequence  of  operations  or  their  deviation  with 
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respect  to  tine  cad  load  to  an  abrupt  change  in  the  paraaeters  of 
engine*  the  failure  of  the  start ing/launching  of  afterburner  and  even 
to  surge. 

She  engine  operation  on  reheat  regiaes  is  checked  in  all  V 

altitude  range  and  flight  speeds  of  aircraft.  According  to  the 
results  of  in-flight  studies*  detgraine  characteristics  of  TBD  in 
reheat  regiae*  and  also  the  data  on  a change  in  the  paraaeters  of 
engine  and  afterburner  at  its  snitching  on.  These  naterials  sake  it 
possible  if  necessary  to  select  the  lore  rational  lav  of  control  upon 
the  svitching  on  of  afterburning.  1 

The  engine  operation  on  reheat  regiae  is  considered 
satisfactory*  if  vith  switching  on  or  disconnection  of  this 
aode/conditions  does  not  occur  surge*  the  spontaneous  disconnection 
of  the  chaaber  and  the  paraaeters  of  engine  reaain  within  the  liaits* 
specified.  u 

One  Of  the  aost  serious  defects*  which  appear  in  work  of 
afterburner*  is  the  vibration  burping*  capable  during  short  tiae  to 
cause  large  aechanical  daaages  and  even  tp  lead  to  the  destruction  of 
the  chaaber.  Therefore  in  all  flight  coaditioas,  afterburner  aust 
work  stable*  without  vibration  burning.  Daring  sustained  conbustion  '■* 

the  ssitching  on  and  the  disconnection  of  afterburner  aust  not  cause 

I 
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prolonged  fluctuations  of  pressure  through  the  channel  of  engine.  But 
if  in  the  chaaber  is  observed  vibration  burning#  then  it  is 
deterained  by  special  indicator  or  froa  the  characteristic  noise  of 
afterburner.  Mith  the  first  sign/criteria  of  vibration  burning  the 
chaaber  they  disconnect/turn  off.  In  the  process  of  flight  tests,  is 
deterained  also  the  boundary/interface  of  the  reliable 
starting/launching  of  afterburner. 


Investigation  of  inlet  ducts. 


Great  effect  on  the  paraaeters  of  engine  and  its  perforaing 
characteristics  have  the  characteristics  pf  inlet  ducts.  The 
selection  of  size/diaensions  and  fora  of  inlet  ducts  to  a 
considerable  degree  is  deterained  by  the  possibilities  of  their 
layout  on  aircraft. 

The  developaent  of  the  satisfactory  constructions  of  the  inlet 
dacts  of  the  conteaporary  high-speed  aircraft,  which  have  large 
working  range  on  the  air  flow  rate,  is  connected  with  great 
difficulties  and  therefore  their  ezperiaeatal  finishing  has  very 


y/9- 
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The  hydraulic  characteristics  of  inlet  ducts  are  deterained 
preliainarily  with  testing  of  aodel  in  vied  tunnel;  however*  in  this 
case  is  not  represented  possible  coapletely  to  estiaate  their  effect 
oa  the  engine  operation  under  conditions  of  aircraft  layout  at 
different  flight  speeds.  The  presence  of  hydraulic  losses  in  input 
devices  of  TDD  significantly  aakes  the  fuadaaental  characteristics  of 
engine  and  its  perforaing  characteristics  worse. 

By  in~flight  studies  are  deterained  hydraulic  losses  in  inlet 
ducts 'and  their  effect  on  the  engine  characteristics.  For  deteraining 
entry  loss  into  coapressor*  are  establish/installed  several 
aultipoint  coabs  with  pitot  tubes*  connected  with  chart  recorders. 

Hydraulic  losses  estiaate  by  the  value  of  the  total  pressure 
loss  ratio 


where  p**  is  the  averaged  value  of  the  total  pressure  at  the  entry 
into  coapressor; 


p*o  - the  total  pressure  of  surrounding  air. 


J i 
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For  determining  the  character  of  the  flow  about  the  leading 
edges  the  channel  of  edge,  they  prepare  fpr  the  neasureaent  of  static 
pressures. 

Testa  are  conducted  on  triaaed/stead y-state  and  under  conditions 
of  acceleration/dispersal  in  all  range  of  operating  altitudes  and 
velocities  of  aircraft.  In  this  case,  are  measured  all  parameters, 
which  characterize  the  engine  operation. 

tests  on  aircraft  sake  it  possible  to  give  evaluation  the  effect 
of  input  device  on  the  paraaeters  of  engine  by  means  of  their 
coaparison  with  data,  obtained  under  bepch  conditions. 

Page  216. 
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